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Sammanfattning 
Abstract 

Mantle cell lymphoma (MCL) is one of several sub-types of B-cell lymphomas. The malignancy is very aggressive 

and average survival time is short. The hallmark of MCL is over expression of cyclin D1, however about 15% of all 

MCL cases do not display this over expression and are easily misdiagnosed. Recently the transcription factor Sox11 

has been shown to be specifically over expressed in the nucleus of MCL-tumour cells, and polyclonal rabbit anti-

Sox11 antibodies have been used to successfully identify MCL in both cyclin D1 positive and negative cases. Howev-

er, human recombinant MCL-specific antibodies as have several advantages over these polyclonal rabbit antibodies; 

they can easily be produced in large quantities in vitro, their specificity is constant from batch to batch and they can 

possibly be used for therapeutic purposes. Because of this, it is desirable to produce human recombinant antibodies 

against proteins over expressed in MCL. In this study human recombinant IgGs have been produced towards two pro-
teins over expressed in MCL, Sox11 and KIAA0882. This was done by cloning of single chain variable fragments 

(scFvs), previously selected from a large scFv library through phage display selection against Sox11- and KIAA0882-

protein epitope signature tag (PrEST), into vectors containing human IgG constant regions followed by expression of 

human IgG antibodies in human embryonic kidney (HEK) 293 cells. One IgG clone for each antigen was shown to be 

functional and specific. Both clones were shown to have overlapping binding epitopes with their polyclonal rabbit 

antibody counterpart (rabbit anti-Sox11/KIAA0882) through competitive ELISA. The anti-Sox11 IgG was able to 

detect two bands in cell lysate in Western blot, of which one probably is Sox11 while the other band possibly could be 

Sox4. However, this needs to be confirmed in future experiments. The affinity of the anti-Sox11 IgG was measured in 

Biacore and compared to the affinity of its original scFv. This gave a rough estimation of the affinities, but the values 

are unreliable and the measurements need to be redone. Although more work has to be put into evaluating the potential 

of the produced IgGs, they compose a promising starting point to an improved understanding and improved diagnosis 

of MCL. 

Datum  

 

2008-06-13 



Abstract 
 

Mantle cell lymphoma (MCL) is one of several sub-types of B-cell lymphomas. The malig-

nancy is very aggressive and average survival time is short. The hallmark of MCL is over 

expression of cyclin D1, however about 15% of all MCL cases do not display this over ex-

pression and are easily misdiagnosed. Recently the transcription factor Sox11 has been shown 

to be specifically over expressed in the nucleus of MCL-tumour cells, and polyclonal rabbit 

anti-Sox11 antibodies have been used to successfully identify MCL in both cyclin D1 positive 

and negative cases. However, human recombinant MCL-specific antibodies as have several 

advantages over these polyclonal rabbit antibodies; they can easily be produced in large quan-

tities in vitro, their specificity is constant from batch to batch and they can possibly be used 

for therapeutic purposes. Because of this, it is desirable to produce human recombinant anti-

bodies against proteins over expressed in MCL.  

 

In this study human recombinant IgGs have been produced towards two proteins over ex-

pressed in MCL, Sox11 and KIAA0882. This was done by cloning of single chain variable 

fragments (scFvs), previously selected from a large scFv library through phage display selec-

tion against Sox11- and KIAA0882-protein epitope signature tag (PrEST), into vectors con-

taining human IgG constant regions followed by expression of human IgG antibodies in hu-

man embryonic kidney (HEK) 293 cells. One IgG clone for each antigen was shown to be 

functional and specific. Both clones were shown to have overlapping binding epitopes with 

their polyclonal rabbit antibody counterpart (rabbit anti-Sox11/KIAA0882) through competi-

tive ELISA. The anti-Sox11 IgG was able to detect two bands in cell lysate in Western blot, 

of which one probably is Sox11 while the other band possibly could be Sox4. However, this 

needs to be confirmed in future experiments. The affinity of the anti-Sox11 IgG was measured 

in Biacore and compared to the affinity of its original scFv. This gave a rough estimation of 

the affinities, but the values are unreliable and the measurements need to be redone. Although 

more work has to be put into evaluating the potential of the produced IgGs, they compose a 

promising starting point to an improved understanding and improved diagnosis of MCL. 
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1. Introduction 

 
1.1 Recombinant antibodies 

 

Currently, polyclonal rabbit mantle cell lymphoma (MCL)-specific antibodies are used in the 

research of MCL (1), however human recombinant MCL-specific antibodies have several 

advantages over the polyclonal rabbit antibodies. (i) Recombinant antibodies can easily be 

produced in large quantities in vitro. This can be done by antibody engineering through clon-

ing of the antibody-parts carrying the desired specificity into expression vectors containing 

the human immunoglobulin G (IgG) constant regions resulting in a full size IgG antibody 

with desired specificity (2). (ii) Furthermore, the specificity of recombinantly produced anti-

bodies is constant from batch to batch, providing excellent reproducibility. (iii) For therapeu-

tic purposes it is not possible to directly use antibodies with a non-human origin as they will 

provoke an undesirable endogenous antibody response (3). There are ways to reduce the im-

munogenicity by substituting non-human parts for the human counterparts, thus creating so 

called humanized or chimeric antibodies. Several of these antibodies of, for example, murine 

origin are used in cancer treatment today (4). Lowering the immunogenicity by humanizing 

non-human antibodies is however a time-consuming and laborious process and does not give 

the low immunogenicity of a fully human antibody. Due to these limitations of the humanized 

antibodies, completely human antibodies is the preferred format for therapy application (2, 5). 

Because of the advantages described above, one goal of MCL research is to produce MCL-

specific human recombinant antibodies that could be used in diagnosis and potentially in ther-

apy of MCL. 

 

1.2 Mantle cell lymphoma (MCL) 

 
MCL is one of several sub-types of B-cell lymphomas and belongs to the group of Non-

Hodgkins’ Lymphomas (NHL). The disease occurs in the lymphocytes (white blood cells) and 

a malignant B lymphocyte will grow without control creating tumours in the lymph nodes. 

The disease can subsequently spread to the blood or other parts of the lymphatic system, for 

example bone marrow, spleen and gastrointestinal tract (6). MCL represents 4-10% of all cas-

es of NHL. It affects predominantly males, with a male to female ratio of 2-7:1 and it is more 

common in older people, with a median age at diagnosis of 60 years. The disease is generally 

very aggressive and the survival time is only around 3-4 years. There are currently many dif-

ferent therapeutic options for treating MCL, for example different types of chemotherapy of-

ten in combination with rituximab (a chimeric monoclonal anti-CD20 antibody). Although 

new therapies have improved outcome, most patients are not cured and relapses are very 

common (7).  

 

The hallmark of MCL is a chromosome translocation t(11;14)(q13;q32) which results in that 

the cyclin D1 gene is put under the control of the immunoglobulin heavy chain enhancer. This 

leads to an over expression of cyclin D1 (8). The majority of MCL cases display this cyclin 

D1 over expression, however about 15% do not (9), and is therefore easily misdiagnosed 

when relaying on cyclin D1 in diagnosis by Immunohistochemistry (IHC). Because of this 

heterogeneous state and poor survival of MCL, other markers than cyclin D1 that would be 

useful in diagnosis and possibly even in therapy are being sought. One such possible marker 

is Sox11, which has been shown to be specifically overexpressed in the nucleus of MCL-

tumour cells, including both cyclin D1 positive and negative cases (1). 
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1.3 Sox11 

 

Sox11 is a transcription factor and belongs to a family of proteins called Sry-related high-

mobility group (HMG) box (Sox). The name originates from the first identified Sox protein 

Sry, which is a gene on the Y-chromosome responsible for male differentiation (10, 11). 

There are 20 different Sox genes in humans (12) and they all share a HMG box domain which 

is responsible for DNA binding. They are grouped in to eight groups (A-H, with two B sub-

groups) according to their identity within and outside the HMG box. Sox11 is part of the 

SoxC group along with Sox4 and Sox12 (10, 11). 

 

The Sox DNA binding occurs in a rather unique way, the three α-helices in the HMG box 

domain are folded in an L-shape that will bind to AACAAAG, AACAAT and similar se-

quences in the minor groove of the DNA helix thus bending it in an angle varying between 

30º and 110º. This bending of the DNA and the direct interaction between Sox and other tran-

scription factors is believed to have great importance in the organization of the transcription 

complex, thereby controlling gene transcription (10, 11). In this way Sox11 regulates many 

important developmental and physiological processes in vivo, for example cardiac, neuronal 

and organ (lung, stomch, panceas, spleen, eye and skeleton) development (13, 14).  

 

The proteins within the SoxC group has been shown to have overlapping expression patterns 

and are likely to interact with each other (10), however Sox4 is a known transcription factor in 

lymphocytes (B-cells and T-cells) and is important in the process of B-cell development (15) 

while Sox11 has no known function in lymphocytes and is normally not expressed in B-cells. 

 

1.4 Protein epitope signature tags (PrESTs) and PrEST-specific polyclonal rabbit anti-

bodies 

 

Ek and colleagues (1) have shown that MCL can be diagnosed and separated from other types 

of lymphoma by Sox11-specific rabbit antibodies in IHC analysis. These rabbit antibodies are 

produced as a part of the Human Proteome Resource (HPR) project (16). In this process bio-

informatics is used to find protein regions and domains that have no homology to other human 

proteins i.e. that are unique for that specific protein. These gene sequences can be used as 

protein epitope signature tags (PrESTs), protein fragments designed to contain epitopes 

unique for the native protein. The PrEST gene sequence is expressed in fusion with a hexahis-

tidyl-albumin binding protein-tag (His-ABP tag) that can be used for purification. The PrEST 

is then used to immunize rabbits which will produce the polyclonal PrEST-specific antibodies 

(17). Thus, to produce the Sox11-specific rabbit antibodies, a Sox11-specific PrEST is used in 

the immunization. As previously mentioned these rabbit antibodies have been used in earlier 

studies to identify MCL, however human recombinant antibodies are desired for their ease of 

production and constant specificity from batch to batch. 
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1.5 Antibody structure and Single Chain Variable Fragments (scFv) 

 

An IgG antibody molecule consists of two heavy and two light chains. The heavy chain has 

four domains, one variable heavy (VH) domain and three constant heavy domains (CH1-3) 

while the light chain consists of two domains, variable light (VL) and constant light (CL) (Fig. 

1. A). The constant region of the IgG (Fc) mediates effector functions, such as triggering of 

phagocytosis or lysis of IgG-targeted cells, or direct killing of the targeted cell by triggering 

the complement cascade at the cell surface. The Fab (antibody binding fragment) is responsi-

ble for antibody binding through the VH and VL domains, which consists of hypervariable 

complemetary-determining regions (CDRs) and framework regions. The CDRs form six loops 

which creates the antigen-binding surface (Fig. 1B). (18, 19)  

Single chain variable fragments (scFvs) are constructed by connecting VH and VL through a 

linker segment (Fig. 1. B), making the VH and VL domains a part of the same polypeptide 

chain. The scFv is similar in antigen binding affinity and specificity to the whole antibody 

since it carries the variable parts with the CDR loops (20). 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
Figure 1. A) Schematic structure of an IgG antibody molecule. The IgG consist of two heavy chains and one 

light chain. The heavy chain has four domains, one variable heavy (VH) domain and three constant heavy do-

mains (CH1-3) while the light chain consists of two domains, variable light (VL) and constant light (CL). The con-

stant region, Fc, mediates effector functions while the Fabs (and Fvs) are responsible for antigen binding through 

CDR-loops on the VH and VL domains. B) Schemtic figure of a single-chain variable fragment (scFv). The VH 

and VL domains are connected through a linker and the scFv is equipped with a tag for purification or detectional 

purpouses. 

 

ScFvs can be useful as building blocks in antibody engineering. A large library of diverse 

scFvs has been constructed by randomly combining CDRs in a scFv-framework (21). From 

this library the best binders of a certain antigen can be selected through repetitive panning. 

This has been done by phage display selections using MCL-specific PrESTs from the HPR 

project as antigens, such as human Sox11-PrEST. The results of these selections are the scFvs 

with a specific binding to the MCL-specific PrEST compared to an irrelevant antigen. These 

selected scFvs with good binding abilities can subsequently be used to create whole antibod-

ies with similar specificity to the scFv, but with improved binding ability compared to the 

monomeric scFv due to the bivalent structure of the antibody. 
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1.6 Aim of this thesis  
 

The aim of this study was to produce human recombinant antibodies against two MCL-

specific PrESTs, Sox11 and KIAA0882 (a protein of unknown function). Several recombinant 

fully human antibodies constructed from scFvs have been shown to possess antitumour activi-

ty (5, 22), however Sox11 is not a suitable target for antibody-based therapy as it is not dis-

played on the cell surface. A human recombinant antibody against Sox11 could none the less 

be used in diagnosis of MCL and also to improve knowledge of Sox11 which would facilitate 

in the design of new and improved therapy for MCL patients. 

 

The antibodies in this study were produced by cloning the VH or VL part of scFvs (previously 

selected from a large scFv library through phage display selection against Sox11-PrEST and 

KIAA0882-PrEST) into vectors containing human IgG1 constant regions followed by expres-

sion of human IgG1 antibodies in human embryonic kidney (HEK) 293 cells. The specificity 

and binding ability of the produced MCL-specific human recombinant antibodies compared to 

the original scFvs and the polyclonal rabbit anti-Sox11/KIAA0882 antibodies (from the HPR 

project) were further tested and analysed by Enzyme-linked immunosorbent assay (ELISA), 

Biacore and Western blot. 
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2. Material and methods 

 
2.1 Plasmids and vectors  

 

Plasmids encoding six different scFvs, Sox11-A1-3 and KIAA0882-B1-3, were provided by E. 

Gustavsson (Dept. of Immunotechnology, Lund Univeristy, Sweden). These scFv clones had 

previously been selected from a large scFv library through phage display selections. The li-

brary was screened for scFv fragments specific for human Sox11 (A-clones) and KIAA0882 

(B-clones). Plasmids for PrEST-production, Sox11-PrEST and KIAA0882-PrEST, were sup-

plied by the HPR-project (Stockholm, Sweden). The expression vectors G1ncdmd5, contain-

ing the human IgG1 heavy chain, and lambda-dhmK7, containing the human IgG1 light chain 

were provided by Bioinvent International AB (Lund, Sweden). 

 

2.2 Antibodies 

 

Throughout the experiments performed in this study several different antibodies were used. 

These antibodies are listed in Table 1. below and will throughout the report be referred to by 

their alias. 

 
Table 1. Antibodies used in this study.  

 

Antibody Origin Alias 

Monoclonal mouse Anti-FLAG antibody  

(cat no F3165) 

Sigma-Aldrich (Saint Louis, 

Missouri, USA) 

Mouse α-FLAG 

Monoclonal mouse Anti-FLAG- horse radish perox-

idase (HRP) antibody (cat no A8592) 

Sigma-Aldrich (Saint Louis, 

Missouri, USA) 

Mouse α-FLAG-

HRP 

Polyclonal Rabbit Anti-mouse immunoglobulins-HRP 

antibody (cat no P0260)  

DAKO, Glostrup, Denmark) Rabbit α-mouse Ig-

HRP 

Polyclonal Rabbit Anti human IgG (γ-chains)-HRP 

antibody (cat no P0214) 

DAKO (Glostrup, Denmark) Rabbit α-human 

IgG-HRP 

Polyclonal Swine Anti-rabbit immunoglobulins HRP 

conjugated antibody (cat no P0217) 

DAKO (Glostrup, Denmark) Swine α-rabbit Ig -

HRP 

Polyclonal Rabbit Anti-human lambda light chains 

antibody (cat no A0193) 

DAKO (Glostrup, Denmark) Rabbit α-human 

lambda-HRP 

Polyclonal Rabbit Anti-human Sox11 antibody HPR-project (Stockholm, 

Sweden) 

Rabbit anti-Sox11 

(Positive control) 

Polyclonal Rabbit Anti-KIAA0882 antibody HPR-project (Stockholm, 

Sweden) 

Rabbit anti-

KIAA0882 

(Positive control) 

Polyclonal Rabbit Anti-HisABP-tag antibody HPR-project (Stockholm, 

Sweden) 

Rabbit anti-HisABP 

IgG A1-3 Anti Sox11 Produced in this study IgG Sox11-A1-3 

IgG B1-3 Anti KIAA0882 Produced in this study IgG KIAA0882-B1-3 
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2.3 Enzyme-linked immunosorbent assay (ELISA) protocol 

 

All ELISA experiments were performed according to the following protocol (point 8 and 9 

were not performed in all experiments): 

 

1. The antigen was coated in phosphate buffered saline (PBS), pH 7.4, in wells of a high 

binding 96-well plate (Corning, New York, USA), o/n at 4ºC. 

2. The plate was washed 4 times with ELISA-wash (154 mM NaCL, 0.05% Tween20 in 

PBS). 

3. Unspecific binding was blocked using 3% Bovine serum albumine (BSA) in PBS for 

1h at room temperature (rt). 

4. The plate was again washed 4 times with ELISA-wash. 

5. The analytes were diluted in sample buffer (1% BSA/PBS, 0.05% Tween20), and add-

ed to the plate. Incubation for 1h at rt followed. 

6. The plate was again washed 4 times with ELISA-wash. 

7. The secondary antibody was diluted in sample buffer and added to the plate. Incuba-

tion 1h at rt followed. 

8. The plate was again washed 4 times with ELISA-wash. 

9. The third antibody was diluted in sample buffer and added to the plat. Incubation for 

1h at rt followed. 

10. The plate was washed 2x4 times with ELISA-wash. 

11. The plate was developed by addition of substrate buffer (25 ml of 35 mM Citric acid 

x1 H2O and 67 mM Na2HPO4 x12 H2O with 20 mg o-Phenylenediamine and 19µl 

30% H2O2) , incubation proceeded for a few minutes until a yellow colour had devel-

oped. 

12. Development of the plate was stopped by addition of 1M H2SO4. 

13. The plate was scanned in a plate reader from Molecular Devices (Sunnyvale, Califor-

nia, USA). 

 

2.4 Production and evaluation of scFv peptides 

 
2.4.1 Production and purification of scFv peptides 

 

ScFvs were produced for four of the clones, Sox11-A1 and KIAA0882-B1-3, from Escherichia 

coli containing the scFv-encoding plasmids. The E.coli were inoculated in 2x yeast tryptone 

(YT) media and were allowed to grow over night (o/n) at 37 ºC. The cultures were diluted 

1:100 and scFv production was induced by addition of isopropyl β-D-1-thiogalactopyranoside 

(IPTG) at OD 0.9-1.0, and proceeded o/n at 37ºC. Produced scFvs were purified from both 

periplasmic space and supernatant by 6xHis-tag affinity binding using Ni-NTA agarose (Qia-

gen, Hilden, Germany). Firstly the cells were separated from the supernatant by centrifuga-

tion. The supernatant was concentrated using Amicon Ultra-15, molecular weight cut off 

(MWCO) 10 kDa (Millipore, Billerica, Massachusetts, USA). The pelleted cells were lysed 

by addition of lysozyme-containing sucrose-buffer (20% sucrose, 30mM TRIS, 1mM EDTA, 

1mg/ml lysozyme). Cell debris was then removed by centrifugation, the remaining superna-

tant was filtered through a 0.2 μm filter (Sarstedt, Nümbrecht, Germany) and 0.05% NaN3 

was added to prevent microbial growth. Both the concentrated supernatant and the supernatant 

from the lysed cells were dialysed against lysis buffer (50 mM NaH2PO4xH2O, 300 mM 

NaCl, 10mM Imidazole) o/n, MWCO 12-14.000 Da (Spectrum Laboratories Inc., Rancho 

Dominguez, California, USA). The dialysed supernatants were added to the Ni-NTA agarose 

and produced scFv proteins was allowed to bind on rotation o/n.  
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The Ni-NTA agarose was applied to a 10 ml column (BioRad, Hercules, California) and 

washed with 3x5 ml washing buffer (50 mM NaH2PO4xH2O, 300 mM NaCl, 20mM Imida-

zole). The bound proteins were eluted with 1 ml elution buffer (50 mM NaH2PO4xH2O, 300 

mM NaCl, 250mM Imidazole) and dialysed against PBS o/n, MWCO 12-14.000 Da (Spec-

trum Laboratories Inc.). The purity of the samples was analysed by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) and the concentration was determined by 

NanoDrop™ (NanoDrop Technologies, Wilmington, Delaware, USA). 

 

2.4.2 Binding ability of purified scFvs 

 

The binding abilities of the purified scFvs to their respective PrESTs were analysed using 

ELISA according to the standard ELISA protocol (section 2.3). Coat: Sox11-PrEST and 

KIAA0882-PrEST 5 μg/ml. Analyte: produced scFvs, diluted in steps of 2 from start concen-

tration 0.3 mg/ml. Secondary antibody: mouse α-FLAG diluted 1:1000. Third antibody: rabbit 

α-mouse Ig-HRP diluted 1:1000. 

 

2.5 Production and evaluation of PrESTs 

 

2.5.1 Production and purification of PrESTs 

 

For use in further analysis Sox11-PrEST and KIAA0882-PrEST was produced and purified 

using a TALON metal affinity resin (Clontech, Mountain view, California, USA). The plas-

mid encoding Sox11-PrEST was transformed into BL21 Star cells (Novagen® Merck KGaA, 

Darmstadt, Germany) according to the manufacturers instructions, the cells were then plated 

out on agar plates with kanamycin and incubated at 37ºC o/n. A single colony from the trans-

formation of the plasmid encoding Sox11-PrEST and a glycerol stock of cells containing 

plasmids encoding KIAA0882-PrEST were inoculated in 2xYT media and allowed to grow at 

37ºC o/n. The overnight cultures were diluted 1:100 and PrEST production was induced by 

addition of IPTG at OD 0.7. PrEST production was allowed to proceed o/n at 25 ºC. 

The cells were spun down and the supernatant was discarded. The cells were lysed by addi-

tion of lysis solution (7M Guanidinium chloride, 47 mM Na2HPO4, 2.65 mM NaH2PO4, 10 

mM Tris-HCL, 100 mM NaCl , 14.3 M β-mercaptoethanol, pH 8.0) followed by incubation 

2h  at 37 ºC, 200rpm. Cell debris was removed by centrifugation, the supernatant was filtered 

through a 0.2 μm filter (Sarstedt) and 0.05% NaN3 was added. The Talon Co-resin was 

washed 2 times with 3.5x resin volume washing buffer (6M Guanidinium chloride, 46.6 mM 

Na2HPO4, 3.4 mM NaH2PO4, 300 mM NaCl, pH 8.0-8.2) and washing buffer was added to 

obtain the original resin volume. The washed resin was incubated with the supernatants on 

rotation for 1h at rt. Unbound proteins were washed away 2 times using 3.5x resin volume of 

washing buffer. After addition of 1 ml washing buffer, the resin was added to a gravity flow 

column (BD Biosciences, San Jose, California, USA) and washed with 2x3 ml washing buf-

fer. A volume of 200 μl elution buffer (6M Urea, 50 mM NaH2PO4, 100mM NaCl, 30 mM 

Acetic acid, 70 mM Sodium Acetate, pH 5.0) was allowed to flow through the column and 

bound PrESTs were then eluted with 2.5 ml elution buffer and collected in 5x0.5 ml fractions. 

The concentrations of the fractions were measured with NanoDrop™ and the fractions with 

the highest concentration were pooled and dialysed against PBS 4ºC o/n (MWCO: 12-14,000, 

Spectrum Laboratories Inc.). The purity of the produced PrESTs was analysed on a SDS-

PAGE gel, and the final concentration determined with NanoDrop™. 

 

 

http://sv.wikipedia.org/wiki/Natriumdodecylsulfat
http://sv.wikipedia.org/wiki/Polyakrylamid
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2.5.2 Functional analysis of purified PrESTs 

 

Produced PrESTs were tested for binding rabbit anti-Sox11/KIAA0882, previously known to 

bind Sox11/KIAA0882-PrEST, using ELISA according to the standard ELISA protocol (sec-

tion 2.3). Coat: produced Sox11-PrEST and KIAA0882-PrEST 5 μg/ml. Analyte:  positive 

controls; rabbit anti-Sox11 and rabbit anti-KIAA0882, were diluted in steps of 2 form start 

concentration 0.005 mg/ml. Secondary antibody: swine α-rabbit Ig –HRP, diluted 1:2000. 

 

2.6 Production and purification of human recombinant antibodies 

 

2.6.1 Cloning of scFv into human IgG1-format 

 

Plasmids encoding six different scFvs, Sox11-A1-3 and KIAA0882-B1-3, were purified from E. 

coli using the QIAprep Spin Miniprep Kit from Qiagen (Hilden, Germany) according to the 

manufacturer’s instructions. The VH and VL segments were respectively amplified by PCR 

using Pfu DNA Polymerase (Fermentas Life Sciences, Burlington, Ontario, Canada) and pri-

mers: 

 
3’ VH  5’ GCG GAT GAC GTA CGA CTC ACC TGA GCT CAC GGT GAC CAG 3’ 

 

5’ VH  5’ GCG ATG GTG TGC ATT CCG AGG TGC AGC TGT TGG AG 3’ 

 

3’ VL  5’ GCG AGA GAC GTA CGT TCT ACT CAC CTA GGA CCG TCA GCT 3’ 
 

5’ VL  5’ GCG ATG GTG TGC ATT CCC AGT CTG TGC TGA CTC AG 3’ 

 

PCR products were purified using JETQuick PCR purification Kit (Genomed, Löhne, Germa-

ny). The amplified VH and VL segments and the vectors G1ncdmd5, containing the human 

IgG1 heavy chain, and lambda-dhmK7, containing the human IgG1 light chain, (Bioinvent 

International AB, Lund, Sweden) were digested sequentially with the restriction enzymes 

Pfl23II  in 1x Tango buffer and Mva1269I in 2x Tango (all Fermentas Life Sciences). The 

vectors were treated with rAPid Alkaline Phosphatase (Roche Applied Science, Indianapolis, 

Indiana, USA) to prevent self-ligation. The digested VH segments were ligated with 

G1ncdmd5 and the VL segments with lambda-dhmK7 using T4 DNA ligase (New England 

Biolabs, Ipswich, Massachusetts, USA). The vectors ligated with either VH or VL segments 

were transformed into chemically competent TOP10 E.coli cells (provided by E. Gustavsson) 

using 42ºC heat-shock. Transformed cells were plated out on agar-plates containing either 

ampicillin (cells transformed with G1ncdmd5 with VH inserts) or kanamycin (cells trans-

formed with lambda-dhmK7 with VL inserts), and incubated in 37 ºC o/n. Single colonies 

were selected and screened for inserts by PCR using AmpliTaq® DNA Polymerase (Applied 

Biosystems, Foster City, California, USA) and primers:  

 
5’ AAG CTT GCT AGC GTA CG 3’ (Reverse-primer)  

 
5’ ATG GGT GAC AAT GAC ATC 3’ (Forward-primer) 

 

From analysis on a 2% agarose gel positive colonies were identified and the ligated vectors 

were purified using the QIAprep Spin Miniprep Kit (Qiagen) and sequenced (Eurofins MWG 

Operon Sequencing Department, Martinsried, Germany). The sequences were compared to 

the original scFv sequences using the software MacVector (MacVector Inc., Cary, North Car-

olina, USA) to verify the insertion of the correct VH and VL sequence. 
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2.6.2 Transfection and expression of human IgGs in HEK 293 cells 

 

One day prior to transfection 100 mm culture plates were seeded with 6x10
6
 HEK293-cells 

(ATCC, Manassas, VA, USA) in 15 ml 1x Minimun Essential Medium (MEM) supplied with 

L-glutamine (2mM) and 10% Fetal Bovine Serum (all Gibco®, Carlsbad, California, USA). A 

volume of 60 µl LipoFectamine
TM

 2000 transfection reagent (Invitrogen, Carlsbad, California, 

USA) was diluted in Opti-MEM® reduced serum medium (Gibco®) to a final volume of 

1500 μl and incubated for 5 min at rt. A mix of vector containing VL and vector containing VH 

for each clone (approximately 40 μg DNA) was diluted in Opti-MEM® reduced serum me-

dium to a final volume of 1500 μl and mixed with the diluted LipoFectamine
TM

 2000 and in-

cubated for 20min at rt. DNA- LipoFectamine
TM

 2000 complexes were then added directly on 

to the 100 mm culture plates with HEK293-cells and the plates were incubated under standard 

conditions. The supernatants were collected 3, 7, 10 and 13 days after transfection and sterile 

filtered (0.2 μm, Sarstedt). 

 

2.6.3 Purification of produced IgGs 

 

The produced IgGs were purified from the collected supernatants by using a HiTrap Protein A 

column (GE Healthcare Bio-sciences AB, Uppsala, Sweden). The column was equilibrated 

with 10 ml binding buffer (20 mM NaH2PO4, pH 7.0), the collected supernatants from the 

same clone were pooled and applied to the column at 1ml/min. The column was subsequently 

washed with 10 ml binding buffer to remove unspecific binders. Bound IgGs were eluted with 

elution buffer (0.1 M citric acid, pH 3.0) and collected in 5x1ml fractions in tubes prepared 

with 200 μl Tris buffer (pH 9.0). Eluted IgGs were dialysed o/n in PBS buffer, pH 7.4, using 

dialysis tubes (MWCO: 12-14.000, Spectrum Laboratories Inc.) which had been boiled in 

Carbonate/EDTA buffer (200 mM Sodium carbonate, 5 mM EDTA) to remove impurities.  

 

2.6.4 Quantification of IgG production in HEK293 cells 

 

The production of IgGs was monitored by ELISA according to the standard ELISA protocol 

(section 2.3). Coat: Rabbit α-human lambda-HRP, diluted 1:1000. Analyte: supernatant col-

lected day 3, 7, 10 and 13 from each IgG clone. Standard (Human Protein Serum Calibrator 

DAKO, Glostrup, Denmark) diluted in the range of 0-40 μg/ml. Secondary antibody: Rabbit 

α-human IgG-HRP, diluted 1:6000. 

 

 

2.7 Evaluation of produced human recombinant IgG antibodies 

 
2.7.1 Quantification of purified IgGs 

 

Concentrations of produced IgGs were determined using NanoDrop™. The produced IgGs 

were also quantified by ELISA according to the standard ELISA protocol (section 2.3). Coat: 

rabbit α-human lambda-HRP, diluted 1:1000. Analyte: purified IgG from each clone, diluted 

in steps of 2 from start concentration 0.03 mg/ml. Standard (Human Protein Serum Calibrator, 

DAKO, Glostrup, Denmark) diluted in the range of 0-40 μg/ml. Secondary antibody: rabbit α-

human IgG-HRP, diluted 1:2000. 
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2.7.2 Functional study of purified IgGs 

 

The binding ability of the produced IgGs to their respective PrEST was determined using 

ELISA according to the standard ELISA protocol (section 2.3). Coat: Sox11-PrEST or 

KIAA0882-PrEST 5 μg/ml. Analyte: purified IgGs diluted in steps of 2 from a start concen-

tration of 0.03 mg/ml. Secondary antibody: rabbit α-human IgG-HRP, diluted 1:2000. A nega-

tive control was also performed by testing the binding of the purified IgGs to an irrelevant 

PrEST, IgG Sox11-A-clones to KIAA0882-PrEST and IgG KIAA0882-B-clones to Sox11-

PrEST (the rest of the protocol was performed as previously described).  

 

2.7.3 Epitope mapping of purified IgGs by competitive ELISA 

 

The binding epitopes of the produced IgGs were studied by competitive ELISA, according to 

the standard ELISA protocol but with minor changes. Two analytes were applied, with a 

washing step in between. First an antibody with variable concentration (the competitor) was 

added, then an antibody with constant concentration, followed by detection of the constant 

antibody. Coat: Sox11-PrEST or KIAA0882-PrEST (0.5 µg/ml). Analyte I: competitor anti-

bodies: rabbit anti-Sox11, rabbit anti-KIAA0882 and rabbit anti-HisABP, all diluted in steps 

of 2 from a start concentration of 0.005 mg/ml. Analyte II: antibodies of constant concentra-

tion: purified IgG Sox11-A1 and IgG KIAA0882-B1, constant concentration of 0.001 mg/ml. 

Secondary antibody: rabbit α-human IgG-HRP, diluted 1:1000. 

 

2.7.4 Detection of Sox11 in cell lysate by Western blot 

 

Lysates from Granta 519 cells (supplied by Sandra Sernbo, Dept. of Immunotechnology, 

Lund Univeristy, Sweden), extracted by adding of 1% NP40/Protease Inhibitor cocktail 

(Roche, Basel, Schweiz), were separated using an SDS-PAGE gel. Briefly, 19.5 µl Granta 

519 cell lysate (approximately 20µg protein) was mixed with 7.5 µl NuPAGE® LDS sample 

buffer and 3 µl NuPAGE® sample reducing agent, heated to 95ºC for 5 min and then applied 

to two NuPAGE® 10% Bis-Tris10 well SDS-PAGE gels (all Invitrogen, Carlsbad, California, 

USA). As a positive control 0.002 µg Sox11-PrEST was treated the same way and loaded on 

to the gels. The gels were run at 130 V for 45 min. 

 

Two Amersham Hybond™-P polyvinylidene fluoride (PVDF) membranes (GE Healthcare, 

Little Chalfont, UK) was pre-wet in 100% methanol for 10 seconds, washed in dH2O for 5 

min and equilibrated in transfer buffer (NuPAGE® Transfer buffer, Invitrogen, and 10% me-

thanol) for approximately 10 min. The gels were equilibrated in transfer buffer and were 

placed on the PVDF membranes between 6 filter papers wet by transfer buffer in a Trans-Blot 

Semi-Dry Transfer Cell (Bio-rad, Hercules, California). Protein transfer proceeded for 30 min 

at 15 V (limit 0.3).The membranes with the transferred proteins were blocked with PBS and 

5% milk powder (PBSM) for 48h. Each membrane was then incubated with rabbit anti-Sox11 

(0.13mg/ml) or IgG Sox11-A2 (0.35 mg/ml), both diluted 1:500 in PBSM, for 45 min at rt. 

The membranes were then washed in PBS (4x5 min) and subsequently incubated with swine 

α-rabbit Ig’s -HRP or rabbit α-human IgG-HRP, both diluted 1:10000 in PBSM, for 30 min at 

rt. Following washing in PBS (4x5 min) the proteins were detected using the SuperSignal
®

 

West Femto Maximum Sensitivity Substrate (Pierce Biotechnology, Rockford, USA) accord-

ing to the manufacturer’s instructions, Kodak X-OMAT 1000 processor (Kodak Nordic AB, 

Upplands väsby, Sweden) and Amersham Hyperfilm™ECL (GE Healthcare). 
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2.7.5 Affinity of purified IgGs measured by Biacore 

 

The affinity of the purified IgG Sox11-A1 and scFv A1 were determined by surface plasmon 

resonance (SPR) on a Biacore X instrument (Biacore AB, Uppsala, Sweden). Sox11-PrEST 

was diluted to 0.0001 mg/ml in NaAc (10 mM, pH 4.4) and immobilized by amine-coupling 

on a CM5 sensor chip. Breifly, the dextran surface was activated by injection of a 1:1 mixture 

of 0.1M N-hydroxysuccinimide (NHS) and 0.4 M 1-etyl-3-(3-dimethylaminopropyl)-

carbodiimide (EDC), PrEST 458 0.0001mg/ml was injected and immobilized on the activated 

surface. Finally 1M ethanolamine-HCL, pH 8.5, was injected to deactivate reactive groups on 

the surface. The immobilization response was 986 Response Units (RU). IgG Sox11-A1 and 

scFv Sox11-A1 were diluted 1:10 and 1:100 in HEPES complete buffer from a start concen-

tration of 0.13 mg/ml. Sensograms were generated by injection (20 µl/min) of  diluted IgG 

Sox11-A1 and scFv Sox11-A1. The resulting sensograms were subsequently analysed in the 

software BIAevaluation 3.0 and fitted to the Langmuir 1:1 and Bivalent analyte model. 
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3. Results 

 
3.1 Functional analysis of produced scFvs and PrESTs 

 

The production of scFv Sox11-A1 and KIAA0882-B1-3 as well as Sox11-PrEST and KIA-

PrEST was perfomed in E.coli and produced scFvs and PrESTs were tested for functionality 

by ELISA. Produced scFvs were analysed by binding to Sox11/KIAA0882-PrEST and 

produced PrESTs were studied by binding to positive controls; rabbit anti-Sox11 or rabbit 

anti-KIAA0882, previously known to bind to Sox11/KIAA0882-PrEST. ScFv Sox11-A1. 

KIAA0882-B1 and KIAA0882-B2 purified from supernatant showed a good binding to 

Sox11/KIAA0882-PrEST (Fig. 2 A) and were all produced at sufficiently high concentrations 

to be used in further experiments. Both the produced PrESTs seemed to work well as antigens 

for the positive controls (Fig. 2 B), and could therefore be used as antigen in further analysis. 

 

 
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
Figure 2. Functional test of produced scFvs and PrESTs. A) Binding ability of scFvs produced from periplasmic 

space and supernatant. scFv Sox11-A1 binding to Sox11-PrEST and scFv KIAA0882-B1-3 to KIAA0882-PrEST. 

B) Binding ability of produced PrESTs. Binding of Sox11-PrEST by rabbit anti-Sox11.Binding of KIAA0882-

PrESTby rabbit anti-KIAA0882. 
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3.2 Sequence analysis 

 

Sequences of the expression vectors ligated with VH or VL segments respectively were ana-

lysed and compared to the original scFv sequences. Only vectors with VH/VL sequences that 

completely corresponded with their original scFv were selected for transfection (Data not 

shown).  The original scFv sequences were also compared with each other and it was found 

that clones Sox11-A1-3 all shared the same sequence and were therefore identical. 

 

3.3 IgG production 

 

To study the expression of IgGs in the transfected HEK293 cells an ELISA was performed to 

determine the IgG-concentration in the collected supernatants from each clone. It was found 

that the efficiency of IgG production differed between the clones (Fig 3). Clones Sox11-A1, 

Sox11-A2 and KIAA0882-B1 had quite high expression that seemed to proceed throughout the 

period of 13 days. Clone Sox11-A3 had a quite low expression that diminished towards the 

end of the 13-day-period. Clone KIAA0882-B2 and KIAA0882-B3 had an over all very low 

expression level. Maximum expression was observed between day 7 and day 10 for all clones 

except KIAA0882-B2. 

 

 
Figure 3.  Production of the different IgG clones in transfected HEK293 cells. Sox11-specific clones: IgG 

Sox11-A1-3 and KIAA0882-specific clones IgG KIAA0882-B1-3. Supernatants were collected day 3, 7, 10 and 13 

after transfection and the IgG concentration was determined by ELISA.  
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3.4 Evaluation of produced IgGs 

 

3.4.1 Quantification of purified IgGs by ELISA and NanoDrop™ 

 

After purification of produced IgGs using a HiTrap protein A column, the concentrations of 

the purified IgGs were determined using both ELISA and NanoDrop™ (Table 2). The con-

centrations determined with the two methods seem to correlate well. The total amout is calcu-

lated based on the ELISA concentrations. 

 

 
Table 2. Concentrations of produced IgGs after purification using a HiTrap protein A column. The concentra-

tions were measured using ELISA and NanoDrop™.  Total amount calculated based on ELISA results. 

 

Clone  ELISA (mg/ml) NanoDrop™ (mg/ml) Total amount (mg) 

Sox11-A1 0.31 0.23 0.62 

Sox11-A2 0.52 0.34 1.04 

Sox11-A3 0.19 0.16 0.38 

KIAA0882-B1 0.22 0.215 0.44 

KIAA0882-B2 0.007 0.09 0.014 

KIAA0882-B3 0.0005 0.06 0.001 

 

 

3.4.2 Evaluation of binding abilities of purified IgGs using ELISA 

 

The specificities and binding abilities of the purified IgGs were determined by ELISA. The 

ability to bind to the antigen was determined by studying the binding of clones Sox11-A1-3 to 

Sox11-PrEST (Fig. 4 A) and clones KIAA0882-B1-3 to KIAA0882-PrEST (Fig. 4 B). As posi-

tive controls rabbit anti-Sox11and rabbit anti-KIAA0882, previously known to bind 

Sox11/KIAA0882-PrEST, were used. To determine if the purified IgGs were specific for their 

antigen a negative control experiment was also performed, where Sox11-clones were allowed 

to bind to KIAA0882-PrEST and KIAA0882-clones to Sox11-PrEST. Clones Sox11-A1-3 and 

KIAA0882-B1 clearly show a strong, concentration dependent binding to their respective 

PrEST, clones KIAA0882-B2 and KIAA0882-B3 show a poorer binding that decreased more 

rapidly with lower concentrations of IgG than for the other clones. All clones were specific 

for their PrEST, showing no binding to irrelevant PrESTs. 
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Figure 4. Functional anlysis of purified IgGs ) Binding of clones Sox11-A1-3 to Sox11-PrEST. Positive control: 

rabbit anti-Sox11. Negative controls: binding of clones Sox11-A1-3 to KIAA0882-PrEST. B) Binding of clones 

KIAA0882-B1-3 to KIAA0882-PrEST. Positive control: rabbit anti-KIAA0882. Negative controls: binding of 

clones KIAA0882-B1-3 to Sox11-PrEST. 
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3.4.3 Epitope mapping of purified IgGs using competitive ELISA 

 

The binding epitopes of the purified IgGs were studied using competitive ELISA. By first 

applying an antibody of variabel concentration (the competitor) and then an antibody with 

constant concentration followed by detection of the constant antibody, it can bee shown if the 

constant antibody binding is blocked by the competitor antibody. If so lowering the 

concentration  of the competitor antibody gives an increase in absorbance (incerase in binding 

of constant antibody). If not there will be no difference in the absorbance with lowering the 

concentration of the competitor antibody, i.e. no matter how much competitor antibody there 

is it will not be able to block the constant antibody since they bind to different epitopes. 

 

The competitive ELISA using IgG Sox11-A2 as antibody with constant concentration and 

rabbit anti-Sox11 as competitor antibody, clearly shows a decrease in the absorbance at higher 

concentrations of rabbit anti-Sox11 (Fig. 5). This is also true for the setup with IgG 

KIAA0882-B1 as constant and rabbit anti-KIAA0882 as competitor (Fig. 6). Hence IgG 

Sox11-A2 binds  to the same epitope as rabbit anti-Sox11, and the binding epitope of IgG 

KIAA0882-B1 overlapps with rabbit anti-KIAA0882 binding epitope. 

 

Every PrEST has a 6xHisABP-tag for purification purpouses and as a negative control rabbit 

anti-HisABP (that will bind only to the HisABP-tag of the PrEST) was used as the competitor 

antibody. The competitive ELISA using IgG Sox11-A2 and IgG KIAA0882-B1 as constant 

antibodies, and rabbit anti-HisABP as competitor antibody clearly shows that the binding 

epitopes are non-overlapping since the absorbance is constant no matter the concentration of 

rabbit anti-HisABP (Fig. 5 and 6).  
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Figure 5.  Epitope mapping of IgG Sox11-A2 through competitive ELISA. Coated with Sox11 PrEST 0.5 µg/ml. 

Antibody with constant concentration, IgG Sox11-A2 (0.001 mg/ml), tested against competitor antibodies rabbit 

anti-Sox11 and rabbit anti-HisABP. IgG Sox11-A2 shows overlapping epitopes with rabbit anti-Sox11 but not 

with rabbit anti-HisABP.  
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IgG KIAA0882-B1 vs. rabbit anti-KIAA0882 and rabbit anti-HisABP
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Figure 6.  Epitope mapping of IgG KIAA0882-B1 through competitive ELISA. Coated with KIAA0882 PrEST 

0.5 µg/ml. Antibody with constant concentration, IgG KIAA0882-B1 (0.001 mg/ml), was tested against 

competitor antibodies rabbit anti-KIAA0882 and rabbit anti-HisABP. IgG KIAA0882-B1 shows overlapping 

epitopes with rabbit anti-KIAA0882 but no overlap with rabbit anti-HisABP. 

 

 

3.4.4 Detection of Sox11 in cell lysate by Western blot  

 

Western blot was performed to determine if the produced anti-Sox11 IgGs (Fig. 6 A) and the 

rabbit anti-Sox11 antibody (Fig. 6 B) was able to detect native Sox 11 in cell lysate from a 

MCL-model cell-line, Granta 519. As a positive control Sox11-PrEST was used (data not 

shown). 

 

 

   

 
 

 

 

 

 

 
Figure 7. Detection of native Sox11 in cell lysate from Granta 519. A) Detection using purified IgG Sox11-A2 

shows two bands, one at 72 kDa and one at 55 kDa. B) Detection using rabbit anti-Sox11 antibody shows one 

band at 72 kDa. 

 

The purified IgG Sox11-A2 is able to detect two bands at approximatley 72 kDa and 55 kDa. 

The rabbit anti-Sox11 antibody can detect a band at approximatley 72 kDa. The theoretical 

size of Sox 11 is 47 kDa (SwissProt, 080528). 

 

 

A B 
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3.4.5 Affinity of produced IgGs vs. original scFvs 

 

A first attempt to separate dimer scFvs from monomer scFvs, was made using size-exclusion 

high-performance liquid chromatography (HPLC), data not shown. However this attempt re-

sulted in a very low concentration of the fractioned scFvs. Because of this, non-fractionated 

scFvs were used for the affinity determination. 

 

The affinity of IgG Sox11-A1 and scFv Sox11-A1 was determined by SPR using Biacore. The 

binding curves were analysed using the program BIAevaluation 3.0. Since the IgG has two 

binding sites per molecule it was fitted with the Bivalent analyte model. The scFv was fitted 

with both the Langmuir 1:1 and Bivalent analyte models, since scFvs exist as both monomers 

(one binding site) and dimers (two binding sites). The calculated rate constants (kon and koff) 

and affinity constant (KD) are listed in Table 3. below. 

 
 
Table 3.  Affinities as measured by SPR in Biacore. IgG sensograms were fitted usinf the Bivalent analyte 

model and the scFv sensograms were fitted using both the Bivalent analyte and Langmuir 1:1 models.  

 

 Model  kon (1/Ms) koff (1/s) KD (M) 

IgG Sox11-A1 Bivalent analyte 1.57x10
4
  0.0177 1.12x10

-6
  

scFv Sox11-A1 Bivalent analyte 9.21x10
3
 5.1x10

-4
 5.54x10

-8
 

scFv Sox11-A1 Langmuir 1:1 2.06x10
4
  3.93x10

-4
  1.91x10

-8
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4. Discussion 

 
The generation of human recombinant antibodies against proteins specifically over expressed 

in MCL is an important goal in MCL-research as these antibodies could be used in improved 

diagnostics and potentially in therapy of the disease as opposed to the polyclonal antibodies of 

rabbit-origin used today. In this study, human recombinant IgGs against two MCL-specific 

proteins, Sox11 and KIAA0882, have been produced and analysed. This was done by cloning 

of scFvs selected through phage display against Sox11-PrEST and KIAA0882-PrEST into 

expression vectors containing the human IgG constant heavy or light chain, followed by trans-

fection and IgG expression in HEK293 cells. 

 

4.1 IgG production 

 

The IgG production was performed using HEK293 cells, an adherent cell-line that is widely 

used in recombinant protein production and have been proven to be efficient for IgG produc-

tion (23). The success of the IgG production in this study differed a lot depending on the 

clone produced. Some of the clones were successfully produced (>0.2 mg), while others were 

produced in too low amounts (<0.01mg) (Fig. 3). Of note, a few days in to the production of 

the low-prodcing clones HEK293 lost their adherent property. It was never evaluated if the 

cells had lost their viability or if they had detached from the dish for some other reason.  

One possible explanation for the poor production in some clones could be that the protocol 

used for transfection and subsequent purification of produced IgGs was not optimized for 

these antibodies. The protocol should be optimized for the production of anti 

Sox11/KIAA0882 IgGs to give a maximum yield when producing these antibodies. However 

the aim in this study was not produce a maximum amount, but to produce sufficient amounts 

of functional IgG against each antigen (Sox11 or KIAA0882). This goal was reached by a 

good production of clones IgG Sox11-A1-3 and IgG KIAA0882-B1. 

 

4.2 Epitope mapping 

 

A competitive ELISA approach was used to examine wheather the produced IgGs recognized 

the same epitope on the PrEST as the polyclonal rabbit antibodies. The strategy was to use 

one antibody with a variable concentration followed by the IgG at a constant concentration, 

this set up showed if the antibody of variable concentration was able to block the binding of 

the IgG in a concentration dependent manner. 

 

In this study IgG Sox11-A2 was shown to be blocked by rabbit anti-Sox11 but not by the 

negative control rabbit anti-HisABP (Fig. 5), and IgG KIAA0882-B1 was shown to be 

blocked by rabbit anti-KIAA0882 but not by rabbit anti-HisABP (Fig. 6). In both cases this 

implies that the binding epitope of the IgG overlaps with the binding epitope of the rabbit 

anti-Sox11/KIAA0882 antibodies. This is expected as the rabbit antibodies are ployclonal and 

has many different binding epitopes all over the PrEST. It is therefore very unlikely that the 

IgGs would have a binding epitope that is not represented in the polyclonal mix of the rabbit 

antibodies. The use of the rabbit anti-HisABP antibody as negative control has several pur-

pouses. Rabbit anti-HisABP lacks the ability to block the binding of the IgGs. This indicates 

that (i) the IgGs does not bind directly to, or close to the HisABP-tag on the PrEST (as this 

would have blocked the binding of the IgG) and (ii) not just any antibody could block the 

binding of the IgG, meaning that the block seen using the rabbit anti-Sox11/KIAA0882 as 

variable antibody truly comes from the IgG binding to the same epitoe as the rabbit anti-

Sox11/KIAA0882. 
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When studying the absorbance curves of the blocking of IgG binding (Fig. 5 and 6) it is quite 

clear that the blocking ability of the rabbit anti-Sox11/KIAA0882 antibodies decreases rapidly 

when lowering their concentration. This shows a strong concentration dependance of the 

blocking ability, a very high concentration of the rabbit anti-Sox11/KIAA0882 antibodies is 

needed for any block to occur. This behaviour is consistent with IgG binding to an epitope 

where reletivley few, or only low-affinity clones in the ployclonal rabbit antibody mix will 

bind. If the IgGs would have bound to an epitope overlapping with the binding epitope of a lot 

of high-affinity rabbit clones blocking would not be as dependant on concentration and would 

last longer despite lowering the concentration of the rabbit anti-Sox11/KIAA0882 antibodies. 

Therefore, most of the clones in the plyclonal rabbit anti-Sox11/KIAA0882 mixture can be 

assumed to bind to different epitopes than the IgGs. 

 

4.3 Detection of Sox11 in Western blot 

 

The ability to detect native Sox11 is crucial for the future use of the IgGs in diagnosis of 

MCL. Western blot was therefore performed to determine if detection of native Sox11 was 

possible in lysate from Granta 519 cells. This is a cell line that has similar genetic and pheno-

typic characters as cells from primary MCL tumours (24) and is therefore used as an in vitro 

model for MCL. The detection in the western blot was performed using both the produced 

IgG (Sox11-A-clones) and rabbit anti-Sox11 antibody. The IgG detected two bands at ap-

proximately 55 kDa and 72 kDa while the rabbit anti-Sox11 detected only one band at ap-

proximately 72 kDa (Fig. 7). The theoretical size of Sox11 is 47 k Da (Swiss Prot, 080528) 

and the detected bands are too big to undoubtedly be Sox11. However, when separating pro-

teins on an SDS-gel it is only ideally that they separate completely according to size. There is 

usually an accepted error margin of 10-20% when determining the size of the bands. There is 

therefore a possibility that the bands detected, even though they seem to bee too big, actually 

corresponds to Sox11. According to this, the detected 55 kDa band is possibly Sox11 as the 

theoretical Sox11 size is within the error margin of this band. On the other hand, the rabbit 

anti-Sox11 antibody has previously been shown to be able to detect a band corresponding to 

Sox11 using Western blot in cell lines deriving from other cell types than B cells 

(www.proteinatlas.org, 080528). It therefore seems quite safe to assume that the band de-

tected at 72 kDa in this study is actually Sox11.  

 

The fact that the IgG can detect both the presumed Sox11 band at 72 kDa, and one other un-

known band at 55 kDa could possibly explained by the sequence of the Sox11-PrEST. When 

performing a BLAST-search of the Sox11-PrEST sequence different results appear depending 

on if the search is done on the first part or the later part of the sequence. The later part of the 

Sox11-PrEST shows no sequence homology with any other human protein, while the first part 

has a sequence identity of 95% with the protein Sox4, a transcription factor from the SoxC-

group very closely related to Sox11. Sox4 is expressed in B- and T-cells (15), and is therefore 

likely to be expressed also in Granta 519 cells, and would thereby be present in the Granta 

519 cell lysate. One possible theory is that the polyclonal rabbit anti-Sox11 is predominantly 

composed of clones against the later part of the Sox11-PrEST sequence. This would result in 

a very specific binding of only Sox11. The IgG on the other hand could have specificity to-

wards the first part of the Sox11-PrEST and therefore will detect both Sox11 and its close 

relative Sox4, thus detecting two different bands. This theory states that the 72 kDa band is 

Sox11 and that the 55 kDa band is Sox4. This would indicate that Sox11 is bigger than Sox4, 

however it is not correct when considering the theoretical sizes of Sox11 (46679 Da, Swis-

sProt, 080528) and Sox4 (47263 Da, SwissProt, 080528). The theoretical size of Sox11 does 

not on the other hand necessarily need to be the true size of Sox11 in the cell lysate.  

http://www.proteinatlas.org/
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The human Sox11 gene has been shown to appear in alternatively spliced forms (25), and 

could therefore give rise to Sox11 proteins of different sizes possibly bigger than Sox4. 

 

The results of the epitope mapping should also be taken into consideration here. According to 

these results, high concentrations of rabbit antibody could block the IgG by binding to the 

same epitope. This seems somewhat contradictory to the theory just presented, where the IgG 

and rabbit antibody seems to bind to different parts of the PrEST. However, both ideas could 

still be true if the few rabbit-clones binding to the same epitope as the IgG are enough to 

block the IgG binding at a high concentration but not enough to detect the second band (pos-

sibly Sox4) in the Western blot. 

  

4.4 Affinity of produced IgGs 

 

When constructing an antibody by cloning of antibody fragments into whole IgG format, as in 

this study, the specificity and affinity is generally conserved and in some cases the binding 

strength may significantly improve due to the bivalent nature of the IgG (5). The affinity of 

the produced IgG Sox11-A1 and scFv Sox11-A1 was measured in Biacore to determine if the 

affinity of the produced IgG were similar to the original scFv.  

 

One problem when analysing scFvs is that they are known to aggregate and form dimers (26). 

Therefore it is desirable to perform a monomer and dimer separation in HPLC. The true affin-

ity for the scFv can only be measured in the monomer form, since the dimer form gives rise to 

avidity effects in the Biacore on binding of the antigen. This means that the dimer will give an 

affinity that is higher than the true affinity when measuring the binding to the antigen. In this 

study an attempt was made to separate scFvs by size-exclution HPLC, but the resulting scFv 

concentration was however too low to be analysed in Biacore. Therefore unfractionated scFv 

was used to determine the scFv-affinity, and because of the coexistence of both dimer and 

monomer scFvs the resulting sensograms were fitted using two different models. The affinity 

of the IgG was determined by fitting the binding sensograms to the Bivalent analyte model as 

the IgG has two binding sites per molecule.  

 

The affinity of different IgGs can vary a lot even when the antigen is the same (27). However 

KD values of 10
-9

M or lower are not uncommon and affinities in this range are desired in 

therapeutic applications (28). The IgG in this study had a KD value of 10
-6

M, and it is appar-

ent that this value is quite high. For the scFv, the KD value is 10
-8

M which is reasonably close 

to previously reported KD values ranging between 0.9-420 x 10
-9

 M for scFvs selected from 

the same library (21). The KD values calculated in this study generally seem to be too high and 

are probably not very reliable due to the fact that they are calculated from only two different 

concentrations of the IgG and scFv respectively. To get a good reliable value of the affinity 

more dilutions should be used. 
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5. Conclusions and future work 
 

To conclude this study, human recombinant IgGs were sucessfully produced by cloning of 

Sox11- and KIA00882 specific scFvs into expression vectors containing the constant human 

IgG regions followed by IgG expression in HEK293 cells. A functional study of the produced 

IgGs was performed to study their binding to the antigen. All of the Sox11-A-clones dis-

played a very similar concentration dependent binding to Sox11-PrEST and sequence analysis 

confirmed that they were identical. This limits this study to only one Sox-11 binding IgG and 

it could therefore be of future interest to do new phage selections against Sox11-PrEST to find 

more scFv’s specific for Sox11, possible with an even stronger binding than the Sox11-clone 

in this study. Also, only one clone for KIAA0882 was expressed successfully in the HEK293 

cells. In the future the IgG production protocol could be further optimized to ensure a better 

production of all clones, more effort could for example be put into the evaluation of why 

some of the HEK293 cells were released into the medium after transfection. All in all, one 

anti-Sox11 IgG and one anti-KIAA0882 IgG was successfully produced and purified. The 

binding epitopes of the produced IgGs were examined by competitive ELISA, and was shown 

to be overlapping with rabbit anti-Sox11/KIAA0882 antibodies. 

 

The produced anti-Sox11 IgG was able to detect two bands in a cell lysate from Granta 519. 

One of these bands is probably Sox11, while the other band could possibly be Sox4. Further 

experiments will be required to interpret these results. To confirm the theory of possible de-

tection of Sox4 by the IgG, both the anti Sox11-IgG and rabbit anti-Sox11 have to be tested 

for binding of Sox4 in, for example, ELISA. One possibility to identify the detected bands 

could be through cutting out the bands and identifying them through mass spectrometry. This 

would probably be a quite time-consuming and laborious effort, but if successful it could give 

definite answers as to the identity of the bands.   

 

The affinity of the anti-Sox11 IgG compared to its original scFv was measured in Biacore. 

The affinities obtained in this experiment are however not very reliable and new measure-

ments should be done using additional concentrations of the IgG and scFv. Furthermore, a 

new dimer/monomer separation of the scFv should be considered to be able to calculate the 

affinities. The affinity determination of the produced IgGs was only performed for the anti-

Sox11 clone, due to lack of time. In the future, the affinity of the anti-KIAA0882 IgG should 

also be examined and compared to its original scFv. 

 

In summary; two functional IgGs have been produced in this study, one towards Sox11 and 

one towards KIAA0882. The produced IgGs were shown to be functional and specific, and 

the anti-Sox11 IgG is believed to be able to detect native Sox11 in cell lysate. 

A lot more work has to be put into evaluating the potential of the produced IgGs, but they 

compose a starting point to an improved understanding of MCL. Especially the produced anti-

Sox11 IgG will be useful in diagnosis of MCL and to expand the knowledge about Sox11, 

leading to possible improvements in MCL-therapy. 
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