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 ริทูซิแมบ (rituximab)  เปน IgG1 chimeric monoclonal antibody ที่มีความจําเพาะเจาะจงตอ

โมเลกุล CD20 ซึ่งนํามาใชในการรักษาเซลลมะเร็งตอมน้ําเหลืองชนิด B-cell โดยมีกลไกการออกฤทธิ์หลักผาน

การกระตุนการเกิด antibody dependent cellular cytotoxicity (ADCC) โดยผานตัวรับ FcγRIIIa ซึ่งมีการ

แสดงออกอยูบนเซลล natural killer (NK) มีการศึกษาพบความแตกตางทางพันธุกรรมของ FcγRIIIa สงผลให

เกิดการเปล่ียนแปลงของกรดอะมิโนที่ตําแหนง 158 จาก Valine (V)   เปน   Phenylalanine (F) ความแตกตาง

ทางพันธุกรรมนี้สงผลตอคา affinity ของ FcγRIIIa ในกลุมที่มีการแสดงออกแบบ V/V และ V/F จะมีคา affinity 

ที่สูงกวาในกลุมที่มีการแสดงออกเปน F/F ในการศึกษาน้ีไดใชวิธี RFLP-Nested PCR และ allele specific 

amplification ในการตรวจวิเคราะหความแตกตางทางพันธุกรรมดังกลาว เพ่ือนํามาศึกษาความสัมพันธกับ

การกระตุนการเกิด ADCC ในหลอดทดลอง และการตอบสนองตอยา rituximab ในผูปวยมะเร็งตอมน้ําเหลือง 

จากผลการศึกษาพบการกระจายตัวของความแตกตางทางพันธุกรรมของ FcγRIIIa ในประชากรไทยดังนี้ VV 

40.25%, VF 16.88% และ FF 42.85%  ในการศึกษาความสัมพันธตอฤทธิ์การเหนี่ยวนําการเกิด ADCC พบวา

ในอาสาสมัครที่มีการแสดงออกของยีนแบบ V/V และแบบ V/F จะเหนี่ยวนําการเกิด ADCC สูงกวาในกลุมที่มี

ลักษณะทางพันธุกรรมแบบ F/F อยางมีนัยสําคัญทางสถิติ (33.16%, 36.87% และ 20.07%, ตามลําดับ) 

นอกจากนี้จากผลการศึกษาความสัมพันธของ FcγRIIIa  genotype กับผลการรักษาในผูปวย Non-Hodgkin’s 

lymphoma พบแนวโนมในการทํานายผลการรักษาในผูปวยมะเร็งตอมน้ําเหลืองที่ไดรับยา rituximab โดยผูปวย

ที่มีลักษณะทางพันธุกรรมแบบ V/V หรือ V/F จะมีการตอบสนองตอยา rituximab แบบ complete response 

ในขณะท่ีกลุมผูปวยท่ีมีลักษณะทางพันธุกรรมแบบ F/F จะมีแนวโนมผลการตอบสนองเปน partial response 

เปนสวนใหญ เน่ืองจากจํานวนผูปวยท่ีคอนขางนอยทําใหผลการศึกษาความสัมพันธที่ไดไมชัดเจน เพ่ือความ

เขาใจทางดานเภสัชพันธุศาสตรของยา rituximab ตอการรักษาผูปวยมะเร็งตอมน้ําเหลืองจําเปนตองขยาย

ผลการวิจัยและเพ่ิมขนาดจํานวนตัวอยางการศึกษาทางคลินิกตอไปในอนาคต อยางไรก็ตามจากผลการศึกษานี้

อาจจะเปนขอมูลพื้นฐานในการศึกษาถึงผลการตอบสนองตอยา rituximab และอาจขยายผลไปถึงการศึกษายา

ที่เปน  IgG1 therapeutic monoclonal antibody อื่นๆตอไป 
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 Rituximab is the chimeric IgG1 monoclonal antibody against CD20 which has been 

approved for B-cell non-Hodgkins lymphomas (NHLs) treatment. Antibody dependent cellular 

cytotoxicity (ADCC) by rituximab-activated NK cells has been suggested to be an important 

mechanism of rituximab via the Fc gamma IIIa receptor (FcγRIIIa) binding on natural killer (NK) 

cells. FcγRIIIa has two expressed alleles that differ at amino acid position 158 in the extracellular 

domain; valine (V158) and phenylalanine (F158). These allelic variants have been demonstrated 

to differ in IgG1 binding and ADCC. V/V homozygotes and V/F heterozygotes bind IgG high 

affinity than F/F homozygotes. The RFLP-Nested PCR and allele specific amplification was used 

to identify the FcγRIIIa polymorphism in the study. The correlation of FcγRIIIa polymorphism and 

rituximab response both in vitro and in vivo was also studied.  The results showed the 

distributions of FcγRIIIa-158 polymorphism in these subjects were as followed: V/V 40.25%, V/F 

16.88% and F/F 42.85%. Higher rituximab-induced Ramos cell cytotoxicity (mean rank 33.16%, 

36.87%) was observed in the subjects with VV and VF genotypes, respectively; meanwhile the 

lower cytotoxicity (mean rank 20.07%) was determined in the subjects with FF genotype. For the 

in vivo study, the NHL patients with V/V or V/F genotypes had a primary response as complete 

response; meanwhile the NHL patients with F/F genotype had a primary response as partial 

response. The correlation of FcγRIIIa polymorphism and the primary response in NHL patients is 

unclear that causing the less number of subjects. The higher number of patients is necessary for 

the further study. However, these results may provide useful information to understand beneficial 

response of rituximab as well as other IgG1 therapeutic antibody in Thai patients.  
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CHAPTER I 

 

INTRODUCTION 

 

Background and Rationale 

 

  Non-Hodgkin’s lymphoma (NHL) is the one of lymphoproliferative malignant 

diseases. It is the most common type of hematologic cancers which can be both B-cell 

and T-cell lymphomas. B-cell Non-Hodgkin’s lymphoma can be occurred at the various 

stages of differentiation of B-lymphocytes. 

 There are several current strategies to treat the NHL with some considerations 

about side effects or problems. Patients treated by bone marrow transplantation may 

encounter graft versus host disease while patients treated with chemotherapy may have 

immunosuppression and prone to infection. Target based cancer therapy is a new 

strategy to treat some solid cancers as well as hematologic cancers such as NHL. 

Therapeutic monoclonal antibodies against tumor antigen on cancerous cells are 

increasingly used as target based anticancer agents for several cancers. Anti-human 

CD20 monoclonal antibodies are clinically approved to treat the B-cell NHL which often 

over-expresses CD20 molecules on the B-malignant cells. These anti-CD20 antibodies 

are used as naked antibody, rituximab (IgG1), or as radiolabeled antibody, 90Yttrium 

Ibritumomab tiuxetan.    

 Rituximab is the IgG1 chimeric monoclonal antibody approved for the treatment 

of B-cell NHL that has the over-expression of CD20 on B-cells surface such as DLBCL. 

Its Fab region can specifically binds to CD20 molecule on the B-cell surface while its Fc 

region can generate several effector mechanisms to kill target B cells. It has been 

reported that the main anticancer mechanisms of rituximab are complement activation 
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and antiobody dependent cellular cytotoxicity (ADCC).  By using ADCC mechanism, the 

Fc region of rituximab can bind to Fc receptor on some effector cells such as NK cells 

and activates these cells to release cytotoxic mediators, perforin and granzyme to kill 

CD20 expressing target cells. Patients should have been examined the expression of 

CD20 molecules on their malignant B cells before receiving rituximab for the benefit of 

treatment. It has been noticed that not only the expression of the CD20 molecules but 

also the polymorphism of the FcγRIIIa on NK cells which is the receptor of IgG important 

for the ADCC mechanism of rituximab and other IgG1 have impact on the clinical 

outcome in rituximab-treated patients.    

The FcγRIIIa polymorphism mainly occurs as a single nucleotide polymorphism 

(SNPs) at nucleotide position 559 [from thymine (T) to guanine (G)] that lead to 

changing amino acid at the position 158 [from valine (V) to phenylalanine (F)] of the 

receptor. Several studies have been reported the correlation between the FcγRIIIa 

polymorphisms and the clinical response in non-Hodgkin’s lymphoma patients treated 

with rituximab.  It has been suggested that patients with the V/V and V/F genotypes had 

higher clinical response than F/F homozygous patients. It is known that the ethnicity has 

an impact on the distribution of genetic polymorphisms. The distribution of each 

genotype of the FcγRIIIa in several countries has been investigated and has been 

demonstrated that the distribution is vary among races. There is no reported on the 

distribution of FcγRIIIa genotypes in Thai population. So, this study intended to 

investigate the genetic polymorphism of FcγRIIIa gene in normal Thai people and 

evaluate the correlation between the genotype of this gene and clinical response to 

rituximab in Thai NHL patients.   
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Research questions: 

1. What are the frequencies of distribution of genotypes, V/V, F/F and V/F, of 

FcγRIIIa gene in Thai population? 

2. Is there correlation between the FcγRIIIa polymorphism in Thai population and 

ADCC activity of rituximab by in vitro study? 

3. Is there correlation between the FcγRIIIa polymorphism in rituximab treated 

patients with non-Hodgkin’s lymphoma and clinical outcome in Thai population? 

 

Objectives: 

1. To identify the frequencies of FcγRIIIa polymorphism in Thai population.   

2. To study the correlation between in vitro ADCC activity of rituximab and the 

FcγRIIIa polymorphism. 

3. To investigate the correlation between FcγRIIIa polymorphism and the primary 

clinical outcome in rituximab-treated patients with non-Hodgkin’s lymphoma in 

Thai population.  

 

Hypothesis: 

1. There is the correlation between the FcγRIIIa polymorphisms and the in vitro 

ADCC activity of rituximab 

2. There is correlation between the FcγRIIIa polymorphisms and clinical outcome 

in rituximab-treated patients with non-Hodgkin’s lymphoma in Thai population.   

 

Keywords:  

Anti CD20/ FcγRIIIa polymorphisms/ Non-Hodgkin’s lymphoma/ Rituximab 

 



CHAPTER II 
 

LITERATURE REVIEWS 
 

Non-Hodgkin’s lymphoma (NHL) 
 Non-Hodgkin’s lymphoma (NHL) is a heterogeneous group of B- and T-

lymphocyte derived hematological malignancies. More than 80% of NHL is B-cell 

lymphoma [1]. In Thailand, NHL is the most common in hematological cancer.  The 

average age of NHL patients is approximately 56 years old. NHL is more common in 

men than women. The incidence of NHL in Caucasian is more than Asian [2]. The 

incidence of NHL is rising over years. However, the causes of the increase of this 

incidence are still unclear. The enhancement may be resulted from occupational factor 

or the viral infection such as, human immunodeficiency virus (HIV) or Epstein-Barr virus. 

Post-transplant lympho-proliferative disorders can also lead to NHL. Patients with 

several autoimmune disorders (eg, Hashimoto’s thyroiditis, coeliac disease) also have 

an increased risk of developing NHL [1-2]. Interestingly, in western, the incidence of the 

others hematological cancer, such as Hodgkin’s lymphoma or chronic lymphocytic 

leukemia, is not increasing [3-4]. At present, NHL is the fifth most common cancer in the 

United States and the eighth most common in Thailand [5].  

 
Differentiation of Lymphocytes 

Most lymphoid malignancies worldwide are derived from B-lymphocytes at 

various stages of differentiation (figure 1) [4]. The differentiation of B-lymphocytes is 

occurred from immature stem cells in the bone marrow. At this early phase, B cells 

proliferate rapidly (antigen-independent differentiation) and differentiate into naive B 

lymphocytes in the bone marrow. The further phase occurs mainly in the lymph nodes, 

spleen and mucosa associated lymphoid tissue (MALT) (figure 2) [2]. Afterward, they 

migrate into peripheral lymphoid tissues and re-circulate all through the body. When 

they expose the foreign antigen, the re-arrangement of the variable regions of 

immunoglobulin genes, called somatic hypermutation, is occurred and the antigen 

specification is improved. Meanwhile, the memory B-cells and plasma cells are 
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produced and released to the peripheral blood. The isotype switching of 

immunoglobulin also occurs at this stage [2, 4].   

Non-Hodgkin’s lymphoma can be occurred in various stages of the 

differentiation of lymphocytes (table 1) [4]. Therefore, the malignant clonal expansion of 

lymphocytes at different stages might involve the different subtypes of NHL (figure 1) 

[2]. The appropriate staging and classification of lymphomas are necessary to make the 

accurate diagnosis [6].  

The expression of cell surface molecules, the cluster-of-differentiation molecules 

(CD) and immunoglobulin proteins are depended on the type of lymphocyte and its 

stage of differentiation or maturation. CD molecules have several roles in the 

recognition, adhesion and maturation of lymphocytes. B-cell CD molecules, for example, 

CD19 and CD20 are involved in signal transduction [7]. Analysis of these molecules in 

the malignant cells is useful for the diagnosis as well as for determining tumor 

histogenesis. For B-cell lymphomas, CD19 and/or CD20 are over-expressed on the B-

lymphocytes’ surface and used to be the one of markers for B-cell lymphomas diagnosis 

[8-9].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1: B-cell development and corresponding lymphomas derived at each stage [4]. 
  B cells Immunoglobulin genes Somatic 

mutation 
Immunoglobulin 
protein 

Marker Corresponding 
lymphoma 

Affected 
tissues 

Foreign‐
antigen 
independent 

Stem cell 
 
Pro B cell 
 
 
Pre B cell 
 
 
Immature B cell 

Germ line
 
Germ line 
 
 
IgH rearrangement,  
µ‐chain (cytoplasm) 
 
IgL/IgH rearrangements, 
IgM(Membrane) 
 

None
 
None 
 
 
None 
 
 
None 

None
 
None 
 
 
Igµ 
 
 
IgM(membrane) 

CD34
 
CD19, CD79a, BSAP, 
CD34, CD10, TdT 
 
CD19, CD45R, CD79a, 
BSAP, CD34, CD10, 
TdT 
 
 
 
 

 
 
 
 
B‐LBL/ALL 

Bone‐
marrow 

Foreign‐
antigen 
dependent 

Mature  
Naïve B cell 
 
 
Germinal center 
(centroblastic and 
centrocytic ) 
 
 
Memory B cell 
 
 

IgL/IgH rearrangements, 
IgM and IgD (membrane) 
 
 
IgL/IgH rearrangements, 
class switching 
 
 
 
IgL/IgH rearrangements 

Introduction of 
somatic 
mutations 
 
Somatic 
mutations 
 
 
 
Somatic 
mutations 

IgM/IgD
 
 
 
Immunoglobulin 
(minimal or 
absent) 
 
 
IgM 

CD19, CD20, CD45R, 
CD79a, CD5, BSAP 
 
 
CD19, CD20, CD45R, 
CD79a, CD10, BSAP, 
Bcl6 
 
 
CD19, CD20, CD45R, 
CD79a, BSAP 
 

B‐chronic lymphocytic 
leukemia, 
Mantel cell lymphoma 
 
Burkitt’s lymphoma, 
Follicle cell lymphoma, 
Diffuse large  
B‐cell lymphoma 
 
Marginal zone 
lymphoma,  
B‐chronic lymphocytic 
leukemia 
 

Peripheral 
lymphoid 
tissues 

Terminal 
differentiation 

Plasma cell  IgL/IgH rearrangements Somatic 
mutations 

IgG>IgA>IgD  CD38, Vs38c, MUM‐1 
CD138 

Plasmacytoma/myeloma
 

ALL=acute lymphoblastic leukemia; B‐LBL=B‐lymphoblastic lymphoma

6 



Figure 1: Cellular origins of representative non-Hodgkin’s lymphomas (A) B cell; (B) T 

cell. ALCL=anaplastic large-cell lymphoma; BCL=B-cell lymphoma; DLBCL=diffuse 

large B-cell lymphoma; FL=follicular lymphoma; MCL=mantle-cell lymphoma (pre-

germinal centre); MZL=marginal zone (MALT) lymphoma (post-germinal centre); 

SLL=small lymphocytic lymphoma; TCL=T-cell lymphoma [4]. 

7 



 

Figure 2: Antigen-dependent B lymphocyte maturation in the lymph node follicle. 

Neoplastic expansion of B immunoblasts (1) might lead to diffuse large B-cell 

lymphoma. Neoplastic expansion of small marginal-zone memory B cells (2) might lead 

to nodal marginal-zone B-cell lymphoma and expansion of plasma cells (3) leads to 

multiple myeloma [2]. 

 
Pathogenesis of Non-Hodgkin’s lymphoma 

B-cell lymphomas represent approximately 90% of NHLs, whereas T-cell 

lymphomas represent approximately 10%. Clinically, NHL can be classified as indolent 

(low grade, intermediate) or aggressive (high grade) lymphoma. Diffuse large B-cell 

lymphoma (DLBCL) is the most common aggressive lymphoma, whereas follicular 

lymphoma (FL) is the most common indolent lymphoma (figure 3) [6].  

 

• Follicular Lymphoma (FL) 
Follicular Lymphoma (FL) is the most common type of indolent Non-Hodgkin’s 

lymphoma. FL is more frequently founded in Caucasian than Asian [8]. The WHO 

Classification classified the FL into 3 grades: grade 1 (small cell follicular lymphoma), 

8 
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grade 2 (mixed small and large-cell follicular lymphoma), and grade 3 (large-cell 

follicular lymphoma). 20% of FL patients, also progresses to diffuse large B-cell 

lymphoma. Many clinicians treat the grade 3 follicular lymphoma as a DLBCL [6].  

FL is commonly founded in elderly patients. The average age of patients is 55 

years old. The most of FL patients present the widespread large lymph nodes without 

the others symptoms. The size of lymph nodes in some cases can spontaneously 

decrease. The median survival ranges from 8 to 12 years. The progression of disease to 

DLBCL in FL patients can be occurred in 20-40% of cases. The regression to an 

aggressive type can be occurred at any stage of the disease, and causes in a more 

aggressive clinical performance that result to fatal. After the progression, both the 

response rate and relapse-free survival after treatment steadily decrease, consequential 

in a median survival of 4–5 years after first relapse.  

FL is identified by the translocation of Bcl2 genes, t(14:18) (q32;q21). This 

translocation is founded in 75-90% of FL patients. Most patients are also founded the 

abnormality of the others chromosome, such as +7, +18 and +X [6].   

 

• Diffuse Large B-Cell Lymphoma (DLBCL) 
Diffuse large B-cell lymphoma (DLBCL) is the most common types of aggressive 

non-Hodgkin’s lymphoma in Thailand and around the world. In Thailand, the DLBCL 

patients were founded approximately 40% of all NHL cases. From the International 

Lymphoma Study Project, DLBCL patients were founded 34% of all NHL cases [10].  

DLBCL is a B-cell lymphoma, it expresses the B-cell CD molecules, like CD19, 

CD20, CD22, CD79a and surface immunoglobulin. DLBCL express these molecules in 

50% to 75% of cases. In some cases, approximately 10%, the CD10+ is founded. 

Because the origin of DLBCL is from germinal center, which make 25-50% of cases 

express bcl-2 protein and approximately 70% express bcl-6 protein, consistent with a 

germinal center origin. Translocation of the bcl-2 gene, t(14;18), is founded in 30% of 

cases. This translocation results the over-expression of Bcl2 protein and follows by 

apoptosis inhibition. DLBCL patients who have the high expression of bcl-2 and the low 

expression of BAX, pro-apoptotic protein, they provide a good prognostic. The c-myc 
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gene, the onco gene, is rearranged in 5% to 15%, and the bcl-6 gene, anti-apoptotic 

gene, is rearranged in 20% to 40% of cases [7]. 

 

Diffuse large B‐
cell 

lymphoma, 30%

Follicular 
lymphoma, 22%

MALT 
lymphoma, 8%

Small 
lymphocytic 

lymphoma, 7%

PeripheralT‐cell 
lymphoma, 7%

Mantle cell 
lymphoma, 6%

Others, 20%

 
Figure 3: Distribution and frequencies of non-Hodgkin’s lymphomas [6]. 

 
Staging system and Prognostic factors 

The staging system is necessary for the NHL patients. This is not only aimed to 

provide the appropriate treatment, but also following the clinical response for NHL 

patients. Although, the staging system is not the only one in the prognostic factors but it 

is important for the evaluation of treatment [6]. The common staging system is the Ann 

Arbor staging system. This system was created in 1971 for Hodgkin’s Lymphoma which 

is usually predictable. However, non-Hodgkin’s lymphomas are less predictable. 

Nevertheless, the Ann Arbor staging system also has been applied for clinical staging of 

non-Hodgkin’s lymphomas (table 2) [1].  

In 1993, the international prognostic index (IPI) was developed by the 

International Non-Hodgkin’s Lymphoma Prognostic Factors Project. The IPI is 5 

significant risk factors related with the survival of NHL patients. It bases on age, tumor 

stage (the Ann Arbor staging system), lactate dehydrogenase concentration in serum, 

performance status and number of sites of extranodal disease (table 3) [1]. 
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Table 2: Ann Arbor staging system [1]. 
Stage  Area of involvement
I  Single lymph node region
II  Multiple lymph node regions on the same side of diaphragm 
III  Multiple lymph node regions on both sides of diaphragm 
IV  Multiple extranodal sites or lymph nodes and extranodal disease 
S  Spleen involvement
E  Extranodal extension or single isolated site of extranodal disease 
A  No symptoms
B  B  sympthoms: un  explained  fever  > 101.5oF, drenching night  sweats, or 

loss of > 10% body weight within previous 6 months 

 

Table 3: International Prognostic Index (IPI) [1]. 
Factor  Adverse Prognosis
Age  ≥ 60 y
Ann Arbor stage  III or IV (advance disease)
Serum LDH level  Above normal
Number of extranodal sites  ≥ 2
Performance status  ≥ Eastern Cooperative Onco Group (ECOG) 2 or greater

 
Non-Hodgkin’s lymphoma therapy 

In history, the treatment for non-Hodgkin’s lymphoma has been chemotherapy or 

radiotherapy. Currently, it also has the stem cell transplantation and the immunotherapy 

[10]. 

Because of the unlimited proliferation of B-cells in NHL, these tumors tend to be 

more chemo-sensitive and radio-sensitive. Therefore, the chemotherapeutic drugs are 

used for NHL patients’ treatment. The common regimens used to treat the NHL patients 

have included polychemotherapy regimens such as cyclophosphamide, vincristine, and 

prednisone. The Regimens commonly used to treat this disease are shown in table 4 

[11]. For diffuse large B-cell lymphoma (DLBCL), chemotherapy like CHOP has been 

standardized for first-line therapy [10]. For follicular lymphoma, the most commonly 

regimens used for treatment have been alkylator based such as chlorambucil (as 

monotherapy or with prednisolone), single-agent cyclophosphamide and CVP regimen 

[8].  

In the beginning, over than 50% of patients respond to treatment, but the 

response and its duration decrease with subsequent chemotherapy. However, this 

treatment has never been shown to expand the free-survival rates [11]. So, the intentions 
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to improve the disease-free survival rate of DLBCL or FL patients with the regimens of 

chemotherapy, the many of strategies have been investigated, including the addition of 

drugs with different mechanism of action, such as monoclonal antibodies, or addition of 

other cytotoxic drugs and high-dose therapy with stem-cell transplantation in first 

remission [7-8, 10]. Those strategies can increase the primary clinical outcome of the 

patients.   

To evaluate the clinical outcome after treatment of NHL patients, the Standardize 

Response Criteria for Non-Hodgkin’s lymphoma are used to evaluate the outcome. The 

standardized response criteria are necessary for the manner of clinical research. They 

assist data’s interpretation, comparisons of the various clinical trials’ results and provide 

an outline on which to evaluate new biological and immunological of the studied 

diseases. The availability of standardized guidelines ensures a reliable data to analyze 

and/or compare between studied patient groups. The primary clinical outcome of NHL 

patients’ treatment is divided into 4 categories as described in table 5 [12]. 

For immunotherapy, because of the majority of B-cell NHL is differentiated from 

B-lymphocyte. The surface molecules of B-cell lymphoma, such as CD20, could be 

expressed similar to B-lymphocyte. The first clinically approved monoclonal antibody-

based immunotherapy of lymphoma involved the anti-CD20 chimeric monoclonal 

antibody, called Rituximab (Rituxan®, Mabthera®) (figure 4) [13].  
 

 
Figure 4: Structure of Rituximab, the chimeric anti CD20 mAb produced through 

genetic engineering [13]. 
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Table 4: Common NHL Chemotherapy regimens [11]. 
Regimen   
Primary treatment 
CHOP  
 
 
m‐BACOD  
 
 
ProMACE‐CytaBOM  
 

MACOP‐B  
 
 
ProMACE‐MOPP  
 
 
CVP  
 
COPA  
 
CHVP  
 

 
Cyclophosphamide/hydroxyldaunorubicin or 
doxorubicin/vincristine/prednisone 
 
Methotrexate/bteomycin/doxorubicin/cyclophosphamide/vincristine/ 
dexamethasone 
 
Prednisone/methotrexate/doxorubicin/cytarabine/bleomycin/vincristine/ 
methotrexate 

Methotrexate with leucovorin rescue/doxorubicin/cyclophosphamide/ 
vincristine/prednisone/bleomycin 

Prednisone/methotrexate/doxorubicirgcytarabine/rnechlorethamine/ 
vincristine/procarbazine/prednisone 

Cyclophosphamide/etoposide/cisplatin 
 
Cyclophosphamide/vincristine/doxorubicin/prednisone 
 
Cyclophosphamide/doxorubicin/teniposide/prednisone 
 

Salvage treatment 
IMVP‐I 6  
 
MIME  
 
ESHAP  

 
Ifosfamide/methotrexate/etoposide 
 
Methyl‐gag/ifosfamide/methotrexate/etoposide 
 
Etoposide/cytosine arabinoside/cisplatin/methylprednisolone 

 

Table 5: Response Criteria for Non-Hodgkin’s Lymphoma [12]. 
Response Category   Physical 

Examination 
Lymph Nodes Lymph  Node 

Masses 
Bone Marrow

CR  
 
CRu  
 
 
 
PR  
 
 
 
 
Relapse/progression  

Normal  
 
Normal 
Normal 
 
 
Normal 
Normal 
Decrease in 
liver/spleen 
 
Enlarging 
liver/spleen; new 
sites 

Normal
 
Normal 
Normal 
 
 
Normal 
≥50% decrease 
≥50% decrease 
 
 
New or 
increased 

Normal
 
Normal 
>75% decrease 
 
 
Normal 
≥50% decrease 
≥50% decrease 
 
 
New or increased 

Normal 
 
Indeterminate 
Normal or 
Indeterminate  
 
Positive 
Irrelevant 
Irrelevant 
 
 
Reappearance 
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Rituximab 
Rituximab is a chimeric monoclonal antibody (mAb) created by fusing the light 

and heavy chain variable domains of 2B8, a murine monoclonal anti-CD20 antibody, 

and human-light chain and heavy chain constant regions (figure 4). It binds specifically 

to CD20 [14]. 

CD20 is the marker of mature B-lymphocyte which expresses on the B-cell 

surface. In 151 B-cell NHL patients, both follicular lymphoma and diffuse large B-cell 

lymphoma, 93% of tumor cells expressed the CD20 molecules. It plays an important role 

in the process of B-cell differentiation. Many studies suggest that the cell cycle initiation 

and differentiation of B-cell activation process are regulated by CD20 molecules [15]. 

Therefore, this molecule is the target of NHL treatment by monoclonal antibody-based 

immunotherapy [16]. 

 
Mechanism of action   

Rituximab may affect B-cell growth and differentiation. Because of CD20 

molecule is expressed during early pre-B-cell development, therefore, its mechanisms 

of action in vivo still controversy and could be different according to lymphoma sub-

types [17]. However, In vitro, rituximab can induce antibody-dependent cellular 

cytotoxicity (ADCC) through the FcR/Fc binding. Rituximab also bind human C1q and 

induces complement-mediated lysis (CDC), apoptosis, and direct growth arrest in vitro. 

There are some evidences showed the involvement of these mechanisms in vivo [16-

20]. 

 

• Effect of Apoptosis and growth arrest 
In 1993, Deans et al. reported that CD20 is associated with Src family tyrosine 

kinases, which involved in apoptosis. PAK (phosphoprotein associated with GEMs 

[glycosphingolipid-enriched membrane microdomains]), as known as Csk-binding 

protein, normally binds the Csk and inactivates the Src-family tyrosine kinase. After the 

rituximab binding with CD20, it redistributes lipid rafts, consequently transactivates the 

Src family tyrosine kinase, and introduces downstream signaling pathways, resulting in 
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apoptosis. On the other hand, rituximab can also induce apoptosis via Fas molecule 

clustering which lead to the death-inducing signaling complex (DISC) formation and 

activates the death receptor (DR) pathway in Ramos B-cell NHL cells. Meanwhile, the 

redistribution of lipid rafts can also inhibit the p38 MAPK, ERK-1/2, NF-κB, and Akt 

signaling pathways, resulting in the inhibition of both transcription and expression of 

many genes, particularly the anti-apoptotic genes as Bcl-2, Bcl-xL, XIAP and Mcl-1, 

consequently making B-lymphomas susceptible to apoptosis [20-21] (figure 5). 

Rituximab also increases apoptosis by a caspase-independent mechanism in B-

cell NHL cells, but the mechanism is still unclear [22]. Normally, apoptosis is blocked in 

zVAD-fmk (a caspase inhibitor)-treated cells. However, the apoptosis is still occurred in 

zVAD-fmk- treated cells which also treated with rituximab [23-24]. 

The CD 20 binding of rituximab can also induces growth arrest on B-

lymphocytes. In 2004, Bezombes et al. demonstrated the direct inhibition of tumor 

growth by rituximab in Daudi and RL B-lymphoma cells in vitro [25]. 

 

• Effect of Complement-dependent cytotoxicity (CDC) 

The complement system is the one of the innate immunity. It can be initiated by 

three distinct pathways known as the classical, mannose-binding lectin (MBL), and 

alternative pathways (Fig 6.). The classical pathway is triggered by antigen-binding 

antibody molecules and is initiated by the binding of the Fc region of the antibody to 

C1q. The MBL pathway is initiated by mannose or fucose residues on the surface of 

many pathogens such as bacteria. The alternative pathway is capable of spontaneous 

auto-activation [26-27].  

All three pathways merge into the activation of C3 and then of C5 by cleaving 

into active fragments by highly specific enzymatic complexes, called convertases, 

which leads to the polymerization of C9 by C5b-8 binding and assemble into the 

membrane attack complex (MAC), a pore-like structure, that result the lysis of cell lysis. 

The role of complement-dependent cytotoxicity (CDC) is induced after rituximab 

administration. In vitro, the Fc region of rituximab can bind human C1q and activates the 

classical complement pathway. This binding consequences the formation of MACs and 
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following by cytolysis [28-29] (figure 6). Some drugs, such as the histone de-acetylase 

inhibitor, can up-regulate the CD20 molecules and resulting in the sensitivity 

enhancement of rituximab [30].  

 

• Effect of Antibody-dependent cellular cytotoxicity (ADCC) 

Antibody dependent cellular cytotoxicity (ADCC) is the antibody-dependent 

mechanisms that occurred in several innate immune cells, such as NK cells, 

macrophages, monocytes, neutrophils. After the binding of rituximab with CD20, the Fc 

region of antibody can also bind with the Fc receptor (FcR), which expresses on the 

immune cell surface. Afterward, the activation of immune cells is occurred via the 

Fc/FcR binding and resulting ADCC. ADCC initiates a series of signaling pathways that 

lead to the release of inflammatory and/or cytotoxic immune modulators including 

cytokines, chemokines, proteases, and reactive oxygen species [31-33] (figure 7). 

ADCC has involved in the antitumor activity of many mAbs. In vitro, mAbs can 

induce ADCC via several of effector cells, including NK cells, monocytes/macrophages. 

During the ADCC reaction, rituximab binds with CD20 on B cell surface and recruit 

innate immune effector cells which express Fc receptors (FcRs) [34]. The Fc region of 

rituximab binds to FcR on effector cells and activates the effectors cells resulting to cell 

lysis. Eventually, the activated monocytes/macrophages phagocytose the targeted 

cancer cells, whereas activated NK cells eliminate targeted lymphoma cells using the 

granzyme-perforin system. Perforin can form the pore structure on the target cell’s 

membrane like the complement system. For granzyme, it is a pro-apoptotic enzyme 

which induced caspase-independent cell-death and resulting to apoptosis [35-37]. The 

antitumor activity of rituximab is greatly reduced in FcγRI/FcγRIII-deficient mice [38]. In 

addition, rituximab can induce the activating innate immune cells such as NK cells and 

macrophages, which increases the ADCC effect [39]. These results suggest that 

rituximab mediated ADCC is important for killing cancer cells [38-40]. Thus, the 

convincing evidence suggests that ADCC is a key mechanism of action. 
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Figure 5: Rituximab-induced apoptosis in therapy [15]. 
 

.  

Figure 6: Rituximab-medited CDC in therapy [15]. 
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Figure 7: Rituximab-mediated ADCC in therapy [33]. 

 
Fc receptor (FcR) 

 The FcR could be classified into 4 different classes; FcγRI(CD64), FcγRII 

(CD32), FcγRIII (CD16), and FcγRIV [41]. However, The FcRs can also be functionally 

separated into two groups; the activating and the inhibitory receptors. Whereas the 

activating FcRs, including the human FcγRIA, FcγIIA and FcγIIIA, promote the cell 

activation through the immunoreceptor tyrosine-based activation motif-dependent 

signaling (ITAM) pathways. On the other hand, the inhibitory receptor, FcγRIIB, recruits 

inhibitory signaling through the immunoreceptor tyrosine-based inhibitory motif- 

dependent signaling (ITIM) pathways in its cytosal domain [42-43] (figure 8). 
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Figure 8: Optimizing Fc region of antibody/FcR interactions [44]. 

 

FcRs are generally expressed on hematopoietic lineages, such as 

macrophages, natural killer (NK) cells. They allow these cells to bind to antibodies that 

are attached to the surface of microbes, infected cells or cancer cells, processing the 

elimination of infected cells or cancer cells. The Fc receptors bind the Fc region of 

antibodies resulting to cell activation. The activation of phagocytes is the most common 

function attributed to Fc receptors. Another process involving Fc receptors is antibody-

dependent cell-mediated cytotoxicity (ADCC). The FcR is expressed both activating and 

inhibitory receptors on every hematopoietic lineage cells except B-lymphocytes and 

Natural Killer cells (NK cells).  B-lymphocytes only express the inhibitory FcR (FcγRIIb).  

On the other hand, NK cells only express the activating FcγRIII (table 6) [43-44]. 
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Fc gamma receptor IIIa (FcγRIIIa) 

FcγRIIIa or CD16 is the Fc receptor that is dominantly expressed on human 

natural killer cells (NK cells). The FcγRIIIa recognizes the IgG which bound to the 

surface of a target cell. Activation of FcγRIIIa by IgG causes the release of cytokines 

such as interferon-γ (IFN-γ) that activate the other immune cells. The other cytotoxic 

mediators like perforin and granzyme, promote cell death by triggering apoptosis. 

The FcγRIIIa is the low affinity receptors for the Fc region of IgG. Normally, the 

low affinity FcRs cause the specific binding and cell activation. That makes the FcγRIIIa 

has more crucial for anti-tumor responses and in monoclonal antibody-based therapy 

than the high affinity receptors [43].   

The genetic polymorphisms have been discovered in various FcγR. For 

FcγRIIIa, the Guanine (G) to Thymidine (T) point mutation at nucleotide 559 results the 

amino acid substitution at position 158 as Valine (V) to Phenylalanine (F) [45]. The 

FcγRIIIa-158 V allele shows higher affinity for IgG1 and IgG3 than FcγRIIIa-158F, and is 

able to bind IgG4. Meanwhile, FcγRIIIa-158F is not able to bind the IgG4 [46-47]. 

Following the incubation of NK cells from FcγRIIIa-V/V homozygous donors with IgG, the 

influxes of calcium and the induction of apoptosis from FcγRIIIa-V/V homozygous 

donors is more over than FcγRIIIa-F/F homozygous donors [48].  
 

The impact of FcγRIIIa polymorphism 
 Because the majority of therapeutic antibodies are IgG1, the mechanism of 

monoclonal antibodies, is mostly IgG1, also involve to the FcγR. To prove this 

hypothesis, the study in FcγR−/− mice which had treated with two widely used 

therapeutic mAbs, trastuzumab and rituximab was investigated. The results have shown 

the implication of different FcγR in the in vivo mechanisms. These mAbs can act against 

tumors through both activating (FcγRIIIa) and inhibitory (FcγRIIb) receptors on myeloid 

cells. The FcγRIIIa-deficient mice were not capable to prevent the tumor growth in 

presence of therapeutic mAbs [49-51]. In humans, a recent study has shown that 

FcγRIIIa polymorphism is associated with the therapeutic efficacy of rituximab in non-
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Hodgkin’s lymphoma patients. Thus, the homozygous V/V allele patients (IgG1 higher 

affinity) provided a higher response to the treatment than the homozygous F/F allele 

patients (IgG1 lower affinity) [52-53]. Additionally, a higher response has been shown in 

rituximab treated follicular lymphoma patients who have the homozygous for FcγRIIIa-

Val158 and FcγRIIb-His131 alleles [52]. On the other hand, some experiments have 

been shown that FcγRIIIa 158 V/F polymorphism is not associated to the response of R-

CHOP (Rituximab combined with CHOP regimen in NHL treatment) in mostly Caucasian 

patients with Follicular lymphoma treated with R-CHOP [54-56], which is different from 

the study in Korean patients with Diffuse Large B-cell lymphoma [57]. That may cause 

the effects of the ethnicity background. Entirely, the role of FcγRIIIa polymorphism in the 

efficacy of mAbs is still controversy and might depend on the stage and type of disease 

or the ethnicity [57].  

 

FcγRIIIa polymorphisms and the ethnicity 
 Several studies have been found the variation of ethnicity in the distribution of 

the FcγRIIIa genotypes (Table 7) [57-61]. From the knowledge of the genetic 

polymorphism, the distribution of each genotyping is involved the ethnicity and 

background of individual. From table 7, the distribution of homozygous V/V158 is varied 

from 4% to 47%. For the distribution of heterozygous V/F158 diverged from 32.1% to 

50%. And the distribution of homozygous F/F158 varied from 5% to 63.2%. That has the 

wide range of distribution. Therefore, in Thailand, the distribution of the FcγRIIIa 

genotypes may be different from the others. This research is focused to study the 

distribution of the FcγRIIIa genotypes in Thai population, and investigate the correlation 

of the FcγRIIIa polymorphism and the response of rituximab, anti-CD20, both in vitro 

and in vivo. 

 

 

 

 

 



Table 6: Expression of human FcγR on cells of the immune system [43]. 
 B Lymphocytes Dendritic cells* Monocytes/ 

Macrophages 

NK cells Neutrophils Mast cells 

FcγRI  

 
• Antigen 

presentation by 

immune 

complexes  

• Cytokine 

production 

• Phagocytosis 

• ADCC 

 • Superoxide 

production 

• ADCC 

 

FcγRIIa  

 

   

FcγRIIIa  • Cytokine 

production 

• ADCC 

 • Serotonin 

release 

• Cytokine 

production 

FcγRIIIb     • Superoxide 

production 

• ADCC 

 

FcγRIIb Down regulation of 

B-cell receptor 

activation 

Down regulation of 

FcγR activation 

Down regulation of 

FcγR activation 

 Down regulation of 

FcγR activation 

Down regulation of 

FcγR activation 

*FcγR expression depends on activation status. 
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Table 7: the distribution of the FcγRIIIa genotypes in several races [57-61]. 
 

Country 
 

V/V158 (%)  V/F158 (%)  F/F158 (%) 

Japanese
Dutch 
Sami 

Norwegian 
Croatian 
France 
Korean 

Aferican‐american 
Caucasian 

4
10 
4.7 
13.7 
28 
20 
47 
8 
11 

44
48 
32.1 
37.4 
55 
45 
48 
50 
39 

52 
42 
63.2 
48.9 
17 
35 
5 
42 
50 
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CHAPTER III 
 

MATERIALS AND METHODS 
 

1. Materials  
 

1.1 Cells 
Ramos cells 

 Ramos cells were Burkitt’s lymphoma cells purchased from the American Type Cell 

Culture (ATCC). The cells were cultured in RPMI 1640 medium supplemented with 10% 

fetal bovine serum in 100 mg/ml streptomycin and 100 units/ml penicillin condition, at 37
๐C with 5% CO2. The cells were initially cultured at the density of 2 x 105 cells/ml and 

then sub-cultured when the cell reached 2 x 106 cells/ml. 
Human peripheral blood mononuclear cells (PBMCs) 

Human PBMCs were isolated from 20-35 years old healthy male blood donors from 

the Red Cross society with informed consent. The whole blood was collected in 9 ml 

EDTA tube. One ml was separated and stored at -20oC for genetic polymorphism study. 

The left was freshly used to prepare to PBMCs for ADCC study.  

 The whole bloods from NHL patients subjected for genotyping was collected from 

the patient with inform consent. These patients were treated with rituximab-containing 

drug regimen. Three ml of the blood was removed from each patient. The blood was 

stored at -20oC before used 

 
1.2 Equipments and Instruments 

The equipments and instruments used in this study were in the following; CO2 

incubator (Thermo, USA), sterile laminar flow hood (ESSCO, USA), flow cytometer 

(Beckman Coulter, USA), centrifuge (Eppendorf, Germany), gel electrophoresis (Bio-

Rad, USA), hemocytometer (Brand, Germany), light microscope (Nikon, USA), analytical 

balance (GMPH, Satorius (Germany and UMT2, Mettler Toledo, Switzerland), PCR 

thermocycler machine (Eppendorf, USA), autopipette (Gilson, USA), T25 tissue culture 

flask (Corning, USA), sterile polypropylene centrifuge tube : 15 ml, 50 ml (Corning, 



25 
 

USA), autoclave (Hirayama, Japan), pipette (Falcon, USA), pH meter (Mettler tuledo, 

Switzerland), gel documentation (Bio-Rad, USA) 

 
1.3 Chemicals and reagents 

The reagents used in this study were in the following; Rituximab, an IgG1 

chimeric monoclonal antibody against human CD20 (Roche, Switzerland), 

carboxyfluoroscein succinimidyl ester (CFSE) (Dojindo, Japan), propidium iodide (PI) 

(Santa Cruz, USA), trypan blue dye (Sigma, USA), RPMI 1640 medium (sigma, 

USA),sodium bicarbonate (Baker, USA), fetal bovine serum (Gibco, USA), L-glutamine 

(Gibco, USA), penicillin/streptomycin (Gibco, USA), Histopaque®-1077 (Sigma, USA), 

0.4% trypan blue dye (Sigma, USA), Taq polymerase (Invitrogen, UK), Accuprime® Taq 

DNA polymerase (Invitrogen, USA), agarose (Bio-Rad, USA), dNTP mix (Vivantis, 

Malaysia), absolute ethanol (Merck, Germany). 
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Differences in ADCC response in vitro 

Correlation between FcγRIIIa genotypes and 

rituximab mediated-ADCC in vitro 

Distribution of each genotype of FcγRIIIa 

polymorphism in Thai population 

Differences in primary clinical response in 

NHL lymphoma 

Correlation between FcγRIIIa genotypes and 

primary clinical outcome in rituximab treated-

NHL lymphoma’s patients 

2. Conceptual framework 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rituximab 
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3. Methods 
3.1 ADCC assay 

In ADCC assay, PBMCs containing NK cells were used as effector cells, Ramos 

cells which express CD20 molecules on their cell surface were used as target cells. 

They were stained with fluorescent CFSE for separating from the effector cells, and anti-

human CD20 Ab rituximab was used as an Ab for initiating ADCC. This assay was 

performed at E:T ratio (PBMCs:Ramos cells) 10:1. 

 

(1) Target cell (Ramos cells) preparation  

 Ramos cells were stained with a fluorescent dye CFSE for separating the cells 

from their effector cells. Ramos cells were separated from the RPMI 1640 medium by 

centrifugation at 1,200 rpm for 10 minutes. The cell pellet was washed once with PBS 

containing 10% FBS and re-suspended in the same buffer at 1 x 107 cells/ml. One ml of 

this cell suspension was stained with 5μM CFSE for 5 minutes at room temperature in 

the dark. The cells were washed twice with PBS containing 10% FBS and re-suspended 

in RPMI 1640 complete medium. These stained cells were left overnight in an incubator 

at 37๐C with 5% CO2 under light protection before assay.  

 

(2) Effector cell (human PBMCs) preparation  

The whole blood of Thai male donor was centrifuged at 3,200 x g for 10 minutes. 

The buffy coat on the top of the pellet was collected into the 15 ml tube and re-

suspended with 5 ml incomplete RPMI medium. The diluted blood was slowly overlaid 

on the ficoll-hypaque solution and centrifuged at 400 x g for 30 minutes. The buffy coat 

was carefully collected and then washed with 10 ml incomplete RPMI medium twice by 

centrifugation at 250 x g rpm for 10 minutes. Finally, the pellet was re-suspended in 

complete RPMI medium and incubated overnight at 37๐C with 5% CO2. 

 

(3) ADCC assay 

CFSE-stained Ramos cells at 2 x 105 cells/ml and added into 5 ml culture tube. 

The cells were treated with 10 μM rituximab for 1 hour at 37๐C with 5% CO2. This 
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allowed the antibody to specifically bind to CD20 molecules on the Ramos cell surface. 

After 1 hour, human PBMCs at 2 x106 cells/ml were added into the treated CFSE-stained 

Ramos cells. This made E:T ratio 10:1. The co-culture cells were thoroughly mixed and 

further incubated for 4 hours at 37๐C with 5% CO2. After the co-incubation, the cells 

were separated by centrifugation at 400g for 10 minutes. The cell pellet was re-

suspended in 100 μl assay buffer, stained with 0.5 μg/ml of propidium iodide (PI) for 15 

minutes at room temperature, and added 400 μl assay buffer. The cells were added with 

400 μl of assay buffer and immediately analyzed by fluorescence flow cytometer.  

 

3.2 FcγRIIIa polymorphisms analysis 
Whole blood of both 60 healthy Thai male and NHL patients was subjected for 

genotyping. Genomic DNA was extracted from the whole blood and used for genotyping 

by RFLP-nested PCR method as described below: 

 

(1) DNA extraction 

Genomic DNA was extracted by using a blood DNA extraction kits (Vivantis®). 

The stored whole blood was thawed at room temperature. Two hundred of the diluted 

with 200 μl buffer solution in a 1.5 ml centrifuge tube, mixed by pulsed vortex quickly, 

added 20 μl proteinase K, vigorously mixed by vortex, and incubated for 15 minutes at 

65oC. During incubation, the tubes were mixed by vortex every 3 minute. Two hundred 

μl absolute ethanol was added to precipitate the genomic DNA. The solution was 

quickly mixed by vortex, transferred to a column provided in the DNA extraction kit, and 

left for 1 minute for genomic DNA binding to membrane of the column. The column was 

centrifuged at 5,000 x g for 1 minute, the filtrate in a collecting tube was discard while 

the column was washed once with 500 μl washing buffer by centrifugation at 5,000 x g 

for 1 minute, and then washed with 500 μl washing buffer II twice by centrifugation at 

5,000 x g for 1 minute in the first wash and at 14,000 x g for 3 minutes in the second 

wash. This made the column dried and prevented the ethanol contamination. A hundred 

μl of elution buffer, pre-treated to 65oC, was added into the washed and dried column 

and left for 4 minutes. The column was inserted into the new sterile collecting tube and 
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centrifuged at 5,000 x g for 1 minute. The genomic DNA in the collecting tube was 

collected, determined DNA content and contamination by Nanodrop® at 260 and 

280nm, and stored at -20oc until used. All the genomic DNA samples had their 

OD260/OD280 values 1.7-2.0. 

 

(2) RFLP-Nested PCR 

The FcγRIIIa genotypes of the genomic DNA samples from healthy subjects and 

NHL patients were identified by a nested-PCR method. There were 2 sets of primer used 

in this method. The first set gives a 1.2 Kb PCR product from a human genomic DNA 

template. The second set was used to amplify the first 1.2 Kb PCR product before 

digested with restriction enzyme NlaIII. The procedure in detail was in the following; 

The genomic DNA was used to be the DNA template in the first reaction. Two μl 

of the DNA was mixed with the master mix solution containing 0.2 mM dNTP, 1 U Taq 

polymerase, 1.5 mM MgCl2 and 0.5 μM the first set FcγRIIIa primers in a 0.2 ml PCR 

tube. The FcγIIIa PCR product was amplified in a thermaocycler machine by using the 

following conditions; initial denaturation 95oc for 10 minutes, followed by 40 cycles of 

PCR amplification protocol (95oC for 1 minute, 56oc for 1 minute 30 seconds and 72oc for 

1 minute 30 seconds), and finally the final extension at 72oc for 8 minutes. The PCR 

product was stored at -20oC. 

The PCR product from the genomic DNA template was subjected for nested-

PCR. It was used as the template of the second set of primers for FcγRIIIa gene which 

gives rise to a 96 bp PCR product. The nested-PCR was performed in the following 

procedure; 

Two μl of PCR product from the first reaction was added into the master mix 

solution containing 0.2 mM dNTP, 1 U Taq polymerase, 1.5 mM MgCl2 and 0.5 μM the 

second set FcγRIIIa primers in a 0.2 ml PCR tube. The second FcγRIIIa PCR product 

was amplified in a thermaocycler machine by using the following conditions; initial 

denaturation 95oC for 5 minutes, followed by 40 cycles of PCR amplification protocol 

(95oC for 1 minute, 67.5oC for 1 minute 30 seconds and 72oC for 1 minute 30 seconds), 

and finally the final extension at 72oC for 9 minutes 30seconds. The nested PCR product 
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was subjected for restriction fragment length polymorphism (RFLP) by being digested 

with 10 U NlaIII in 20 μl the PCR product. The digestion was performed at 37oC for 3 

hours. The PCR product was stored at -20oC before used. 

 

(3) Allele specific amplification 

To confirm the heterozygous VF genotype, the allele specific amplification 

method was used. The genomic DNA was used to be the DNA template in this reaction. 

Two μl of the DNA was mixed with the master mix solution containing 0.2 mM dNTP, 1 U 

Accuprime® Taq polymerase, and 0.5 μM the set of F allele specific primers in a 0.2 ml 

PCR tube. The FcγRIIIa PCR product was amplified in a thermaocycler machine by 

using the following conditions; initial denaturation 94oc for 2 minutes, followed by 40 

cycles of PCR amplification protocol (94oC for 30 seconds, 65oc for 30 seconds and 

68oc for 1 minute), and finally the final extension at 72oc for 8 minutes. The PCR product 

was stored at -20oC. 

 

(4) Gel electrophoresis    

  The FcγRIIIa genotype of the digested PCR product was identified by agarose 

gel electrophoresis. A 3% agarose gel was prepared. Twenty μl of the digested product 

was mixed with 4 μl loading dye, and then loaded into a well on the agarose gel.  

  For the F allele specific product, a 1.5% gel was prepared. Six μl of the PCR 

product was mixed with 2 μl loading dye, and loaded into a well on the agarose gel. 

  The gel was run on gel electrophoresis at 100 volts for 45 minute, then stained 

with 0.5 μg/ml ethedium bromide in 1x TBE buffer for 5 minutes, and finally de-stained 

with 1x TBE buffer for 10 minutes. The digested PCR product was identified by exposing 

to UV light in the gel documentation.    
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3.3 Clinical outcome evaluation 
Primary clinical outcomes of NHL patients treated with rituximab-containing 

drugs were assessed for correlating with their genotypes. The data of clinical outcomes 

recorded by the expert clinicians were collected from the patients’ chart. The treatment 

response of each patient was evaluated based on the standardize response criteria, 

International Workshop Criteria for Non-hodgkin’s Lymphoma, which divides the 

response to 3 levels as complete response (CR), partial response (PR) and progression 

disease (PD) as described above in chapter II. 

 
3.4 Ethical consideration 

The protocol from this study was approved by the ethical committee of the 

Faculty of Medicine, Chulalongkorn University. All donor and patient in the study 

understood the protocol of the study and had the opportunity to question in detail before 

making decision to sign the informed consent. 

 
The inclusion criteria for normal volunteer 

1. Male. 

2. Age between 20-30 (±2) years old. 

3. Strict to the criteria of the Red Cross society for blood donor. 

• More than 45 kg bogy weight. 

• Healthy physical condition. 

• No record to be hepatitis or jaundice. 

• Do not over loss weight in the short period. 

• Do not have the sexual behavior risk or drug addiction. 
 
The inclusion criteria for Non-hodgkin’s lymphoma patient 

1. Diagnosed as non-Hodgkin’s lymphoma 

2. CD20+ was detected 

3. Received rituximab during the process of treatment 
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3.5 Sample size determination 
 
Normal volunteers 

The sample size used for evaluating the distribution of FcγRIIIa polymorphisms 

in Thai population was calculated based on the results in Japan population from Straat 

F.G.J. et.al by the following formula:  

 

 

 

Which:    n      = sample size 

Zα/2 = the critical value at 95% confidence, which is 1.96 (Z0.05/2) for two-

tail analysis. 

 P      = the percentage of evidence of the interested incidence= 0.04 

 Q     = P-1 = 0.96 

 d      = the maximum error of the estimation = 0.05 

 

The sample size calculated from this formulation is as follow; 

 

 

      

        n =  59.007 

 So, the number of normal volunteers used in this study was 60.  
 
 
 
 
 
 
 
 
 

  n = (Zα/2)
2  P Q 

(d)2 

  n = (1.96)2  0.04 x 0.96 

(0.05)2 
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Non-Hodgkin’s lymphoma patients 
The number of NHL patients used in the study was calculated based on the data 

of the clinical study from Carlton et.al by the following formula;  

 
 
 

 

Which:         Zα/2 = the critical value at 95% confidence. which is 1.96 (Z0.05/2) for two-

tail analysis. 

 Zβ  = the critical value at 90% power, Z0.1 = 1.28 

 P1   = the percentage of evidence of the first incident (V carrier) = 0.65 

 P2   = the percentage of evidence of the second incident (FF carrier) = 

0.35 

The sample size calculated from this formulation is as follow; 

 

 

 

        n =  53.0712 

So, the number of Non-Hodgkin’s lymphoma patients used in this study was 54. 

 
3.6  Statistical analysis 

Data were individually presented. For the in vitro ADCC study, the difference of 

the ADCC activity in each genotyping group was compared by using the nonparametric 

Kruskal-Wallis test. The correlation between the genotypes and the clinical responses of 

NHL-patient treated with rituximab-containing regimen was assessed by using the two-

tailed Fisher’s exact test. The statistically significant value was considered at p-value < 

0.05. 
 

 

  n = 2(Zα/2 + Zβ)2  P Q 

(P1-P2) 
2 

  n = 2(1.96+1.28)2  0.65 x 0.35 

(0.65-0.35) 2 



CHAPTER IV 
 

RESULTS 
 

1.  The distribution of FcγRIIIa polymorphism in Thai population. 

 Two techniques were used to determine the FcγRIIIa genotype, RFLP-nested 

PCR and direct PCR using F allele-specific primer for complete results.  

From RFLP-nested PCR, The nested PCR products were generated by using 2 

set of primers. The first set of the primers gave rise to the 1.5 Kb PCR product whereas 

the second set of the primer generated the 94 bp PCR products. The restriction enzyme; 

NlaIII was used to digest the second PCR product at the 158 polymorphic site of the 

FcγRIIIa. The restriction site of NlaIII is CATG. This enzyme cuts only PCR product of V 

allele into 61 and 33 bp products but it does not cut PCR product of F allele. NlaIII 

theoretically generates one band (94 bp) for F/F genotype, two bands (61 and 33 bps) 

for V/V genotype and 3 bands (94, 61, and 33 bps) for V/F genotype.  However, the V/F 

genotype could not be clarified by this method in this study because there was no three 

bands among NlaIII digested products. Only V/V (2 bands) and F/F (1 band) genotypes 

were identified. In order to identify heterozygous V/F genotypes, F allele in the genomic 

DNA samples of V/V genotype identified by RFLP-nested PCR were amplified by PCR 

using F allele specific primer. The genomic DNA samples were counted as the 

heterozygous V/F genotype if they generated the 96 bp PCR product from the F allele 

specific primer. Three of the sixty genomic DNA samples were confirmed their 

genotypes by DNA sequencing (see in the Appendix B, figure 16).  

The FcγRIIIa genotypes of 60 healthy subjects were 23 V/V, 10 V/F, and 27 F/F, 

respectively. The genotypes of 17 NHL patients treated with anticancer drug regimen 

containing rituximab were 8 V/V, 3 V/F, and 6 F/F (Table 8).   
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Table 8: The distribution of FcγRIIIa polymorphism in Thai population (see detail in 

Appendix B, table 11). 

Genotype VV VF FF Total 
Normal Volunteers 23 10 27 60 
NHL patients 8 3 6 17 
Total 31 (40.25%) 13 (16.88%) 33 (42.85%) 77 

 

 

 

 

 

(a)                            (b)  

1           2              3                                                  1           2 

Figure 9: Analysis of the FcγRIIIa polymorphism. (a) Representative results from RFLP 

nested-PCR technique 1) undigested PCR product, 2) and 3) NlaIII digested PCR 

products as V/V (2) and F/F (3) genotypes, respectively. (b) A representative results of 

determination of heterozygous V/F genotype from V/V genotype identified by RFLP 

nested-PCR by using F allele-specific primer; 1) V/V genotype 2) V/F genotypes. All data 

were in the Appendix B, figure14-15. (n=60 for healthy volunteers, n=17 for Non-

Hodgkin’s lymphoma patients.) 
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2.  Correlation of the FcγRIIIa genotype and rituximab-mediated ADCC in vitro. 

 The correlation between FcγRIIIa genotype and in vitro ADCC activity of NK 

cells from 60 healthy subjects was also evaluated in this study. ADCC of NK cells was 

induced by using rituximab-bound Ramos cells (CD20 positive cells) as the target cells. 

Cytotoxicity on Ramos cells was identified by staining these cells with fluorescent CFSE 

to separate them from PBMCs and by staining them with PI to detect cell death. Ramos 

cell death was determined as CFSE+/PI+ cells by fluorescence flow cytometer (Fig. 10, 

see detail in Appendix B, table 11). PMBCs from each subject with known genotype 

induced Ramos cell death by ADCC was presented in Table 9. The mean values of the 

percentage of rituximab induced Ramos cell cytotoxicity were 31.16% in V/V genotype 

subjects, 36.87% in heterozygous V/F genotype subjects, and 20.07% in F/F genotype 

subjects (Fig.11). Both V/V and V/F genotypes had significantly higher ADCC activity 

than F/F genotype at p<0.001. 

  
 

Figure 10: The representative results of rituximab-mediated Ramos cell death by ADCC 

at 10:1 PBMCs:CFSE+ Ramos cells ratio using fluorescence flow cytometer.(a) without 

rituximab and (b) with rituximab. The amount of Ramos cell death is identified in B2 

quadrant. The percentage of Ramos cell death was calculated from the percentage of 

cells in quadrant B2 and B4. All of data were in the Appendix B, figure 13 and table 11 

(n=60).  

 B1: The percentage of Peripheral mononuclear cells death (PI+/CFSE-). 

 B2: The percentage of Ramos cells death (PI+/CFSE+). 

 B3: The percentage of living Peripheral mononuclear cells (PI-/CFSE-). 

 B4: The percentage of living Ramos cells (PI-/CFSE+). 

(a) (b) 

+ + 

+ + 

- 

- - 

- 
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Table 9: In vitro rituximab-mediated Ramos cell cytotoxicity by ADCC using PBMCs from 

60 healthy volunteers as effector cells. 
   

Sample 
No. 

Average % 
cytotoxicity 

Genotype 

1 18.06 FF 

2 33.55 FF 

3 33.05 FF 

4 41.61 VV 

5 58.46 VV 

6 27.50 VV 

7 12.27 VV 

8 6.07 FF 

9 35.37 FF 

10 34.04 VF 

11 25.44 FF 

12 26.89 VV 

13 8.92 FF 

14 50.82 VV 

15 16.32 FF 

16 12.84 FF 

17 54.05 VF 

18 30.26 VV 

19 18.10 FF 

20 13.15 FF 

21 28.71 VF 

22 29.40 VV 

23 16.48 FF 

24 58.43 VF 

25 30.81 VF 

26 46.31 VV 

27 34.42 FF 
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Table 9 (cont.): In vitro rituximab-mediated Ramos cell cytotoxicity by ADCC using 

PBMCs from 60 healthy volunteers as effector cells. 

 
Sample 

No. 
Average % 
cytotoxicity 

Genotype 

28 31.06 FF 

29 22.74 FF 

30 34.31 FF 

31 7.05 FF 

32 18.43 VV 

33 7.94 FF 

34 34.95 VF 

35 25.63 VV 

36 7.59 FF 

37 25.23 VV 

38 47.15 VV 

39 17.44 VV 

40 16.14 FF 

41 16.60 FF 
42 26.07 FF 

43 8.46 VF 

44 26.46 VV 

45 32.01 VV 

46 19.71 FF 

47 14.01 FF 

48 44.54 FF 

49 3.54 VF 

50 38.65 VV 

51 5.78 FF 

52 51.71 VF 

53 64.02 VF 
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Table 9 (cont.): In vitro rituximab-mediated Ramos cell cytotoxicity by ADCC using 

PBMCs from 60 healthy volunteers as effector cells. 

 
Sample 

No. 
Average % 
cytotoxicity 

Genotype 

54 47.23 VV 

55 43.44 VV 

56 36.97 VV 

57 32.94 VV 

58 34.28 VV 

59 13.39 VV 

60 16.62 FF 
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Figure 11: The correlation between FcγRIIIa genotypes and rituximab-mediated ADCC 

in vitro by using PBMCs from 60 healthy subjects as target cells.  

* statitistically significance at p<0.001 
 
 

* 

 V/V V/F F/F  
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3. Correlation of the FcγRIIIa polymorphism and the primary clinical outcome of 
rituximab-treated NHL patients. 

 This study also investigated the correlation of FcγRIIIa genotypes and clinical 

outcomes of 17 NHL patients treated with anticancer drug regimens containing 

rituximab. The genotypes of theses patients were 8 patients with V/V, 3 patients with V/F 

and 6 patients with F/F. The anticancer drug regimens received by these patients were 

in the Appendix B, table 12. The primary outcomes of these patients were evaluated 

according to the standardized criteria as described in methods by specialist physicians 

in hematologic oncology unit of King Chulalongkorn Memorial hospital.  

 As in the Table 10 and Fig. 12, all of 8 patients with V/V genotype had complete 

response. Two of three patients with V/F genotype had complete response. The other 

one could not be assessed due to rituximab complications. This antibody was withdrawn 

in this patient. Only one of six patients with F/F genotype had complete response. Three 

of them had partial response and the other two patients could not be assessed because 

of rituximab complications.   
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Table 10: The primary clinical outcomes of 17 NHL patients treated with anticancer drug 

regimens containing rituximab.  

 

  Genotype 

 VV VF FF 
Pr

im
ar

y 
cli

nic
al 

as
se

ss
m

en
t 

Complete Response 

(CR, CRu) 
8 2 1 

Partial Response (PR) 

or Progression Disease 

(PD)  

  3 

No assessment  1 2 

Total  8 3 6 

 

 

 

0

2

4

6

8

10

V/V V/F F/F

Complete response

Partial response and no assessment

 
Figure 12: The correlation between FcγRIIIa genotype and primary clinical outcome of 

rituximab-treated NHL patients (n=17). 



CHAPTER V 
 

DISCUSSION AND CONCLUSION 
 

This study intended to investigate the distribution of FcγRIIIa polymorphism in 

Thai population and its impact on the response to rituximab both in vitro and in NHL 

patients received rituximab-containing regimens. Several studies have been reported 

that ADCC is the major mechanism of action of rituximab to destroy B-lymphoma cells in 

NHL (REFs). Furthermore, it has been demonstrated that the FcγRIIIa polymorphisms 

also involves in the response to rituximab in NHL patients [52]. FcγRIIIa is a receptor of 

IgG expressed on macrophages and NK cells and plays role in ADCC of rituximab. The 

FcγRIIIa genetic polymorphism from G to T at nucleotide position 559 corresponds to 

phenotype expression of valine (V) to phenylalanine (F) at amino acid 158 in the 

extracellular domain of the receptor. These polymorphisms influence on the affinity of 

IgG1 to the FcγRIIIa.  

This study revealed the distribution of FcγRIIIa polymorphism in Thai population. 

The frequencies of FcγRIIIa-158 V/V, V/F and F/F genotype are 40.25%, 16.88% and 

42.85%, respectively. Distributions in several genetic polymorphisms are usually 

influenced by race and ethnicity. In Caucasian population, the frequency of 

homozygous V/V genotype is 11% which is lower than in this study whereas the 

frequency of the homozygous F/F genotype is 50% similar to this study [58-59].  The 

frequencies of FcγRIIIa genotypes in Thai population here are different from population 

in other countries in Asia.    The frequencies of FcγRIIIa-158 V/V, V/F and F/F genotype 

in Korean are 47%, 48% and 5%, respectively [57]. These frequencies in Japanese are 

4%, 44% and 52%, respectively [60].     

It has been shown that homozygous FcγRIIIa 158V/V on NK cells bind to IgG 

stronger than FcγRIIIa 158F/F [62-63]. Recent studies have been suggested that 

healthy individuals expressing V/V and V/F genotypes increase of FcγRIIIa expression 

on NK cell surface, enhance the rituximab binding, and demonstrate higher levels of 

ADCC activity in response to rituximab [46]. This study also investigated the correlation 
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between FcγRIIIa polymorphism and the response to rituximab in vitro. As the major 

mechanism of action of rituximab is ADCC, NK cells which express FcγRIIIa on their cell 

surface are involved in the action of rituximab. It is known that IgG binds to FcγRIIIa on 

NK cells and activates these cells to release granzyme which induce caspase activation 

and apoptotic induction of the IgG-recognized target cells. This study used human B-

lymphoma Ramos cells as the target cells recognized by rituximab and NK cells in 

human PBMCs as the effector cells. The results demonstrated that effector cells from 

healthy individuals with V/V and V/F genotype induced higher rituximab-mediated 

Ramos cell cytotoxicity than effector cells from F/F allele individuals. The percentage of 

Ramos cell death was 33.16%, 36.87% and 20.07% when the effector cells were from 

V/V, V/F and F/F individuals, respectively. These results support the correlation of 

FcγRIIIa polymorphism and the response to rituximab in vitro. The FcγRIIIa 158V/V and 

V/F NK cells, which FcγRIIIa binds to IgG stronger, induced higher ADCC than FcγRIIIa 

158F/F NK cells which FcγRIIIa binds to IgG weaker.  

Several studies revealed the influence of FcγRIIIa polymorphisms on the 

response to rituximab containing anticancer regimen in different types of NHL [52-58]. 

They have been reported that NHL patients with FcγRIIIa 158 V/V genotype response 

better than F/F genotype either to only rituximab monotherapy but not to rituximab-

containing regimen or to both types of therapy depend on types of lymphoma. However, 

there are also some studies in Caucasian population which demonstrated no correlation 

between FcγRIIIa polymorphisms and the clinical response to rituximab [54-56]. The 

correlation between the FcγRIIIa polymorphism and the primary clinical outcomes of 

rituximab-treated NHL patients was also investigated in this study. The NHL patients 

recruited in the study were either DLBCL or FL patients treated with rituximab containing 

anticancer regimens. The primary clinical outcomes of these patients were assessed by 

expert clinicians during the follow up after the courses of treatment. The results 

demonstrated that the patients with FcγRIIIa-158 V/V and V/F genotypes responded 

higher than FcγRIIIa-158 F/F genotype to riruximab containing regimens. Complete 

response was assessed in all patients with V/V genotype (8/8), in 2 of 3 patients (2/3) 
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with V/F genotype and only in 1 of 6 patients (1/6) with F/F genotype. One patient with 

V/F genotype could not be assessed because of the drug complication. Half of patients 

with F/F genotype (3/6) had partial response where as 2 cases could not be assessed 

due to the drug complication. However, the correlation of FcγRIIIa polymorphism and 

survival rate in these patients was not investigated. The long term clinical response to 

rituximab and FcγRIIIa polyporphism in Thai NHL patients should be investigated in the 

future because there are a lot of contradictory results on this issue reported from 

previous studies in other populations.  

This study demonstrated the correlation between FcγRIIIa polymorphism and 

both in vitro ADCC and primary clinical response to rituximab in NHL patients in 

Thailand. These results may have impact on the important of pharmacogenetic 

evaluation of FcγRIIIa in Thai patients for clinically using rituximab as well as other 

therapeutic IgG1 antibodies with ADCC as their major mechanism of action.  

In conclusion the results in this study reveal the distribution of FcγRIIIa-158 V/V, 

V/F and F/F genotypes in Thai population. Data here support the previous reported that 

ADCC is one of the mechanisms of rituximab action on B lymphoma cells as well as 

there is correlation between FcγRIIIa polymorphism and the response of rituximab both 

in vitro and in Thai NHL patients. Genetic polymorphism of FcγRIIIa may have influence 

on clinically use of rituximab as well as other IgG1 therapeutic antibodies in Thailand. 
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