CHAPTER 111

CONSTRUCTION OF EXPRESSION VECTORS WITH HUMANIZED ANTI-
C2 VARIABLE REGIONS USING DEIMMUNIZATION AND LOGICAL

APPROACH METHODS

31 OBJECTIVE

The main objective of this chapter is to use redoartit DNA technologies to generate
expression vectors harboring humanized anti-C2abéeiregions for transfection into
mammalian cells to produce specific humanized adiés. Two methods of antibody
humanization; a deimmunization method and a logpg@iroach method were applied in
this chapter to identify potential immunogenic m®usmino acids in the variable
regions. Judicious replacements of those few amaids residues by the corresponding
residues from the highest homologous human seqsemeae performed using
overlapping-PCR mutagenesis. The DNA sequencesigdte humanized heavy and
light anti-C2 variable regions were cloned into p#02 and pAG4622 expression
vectors respectively and were co-transfected in B8&. The expression, production
and characterization of humanized anti-C2 mAbs kel using deimmunization
(H1C2 mADb) and logical approach method (H2C2 mAie)described in the subsequent

chapters.



3.2 INTRODUCTION

The use of monoclonal antibodies (mAbs) generatedh fnybridoma technology for
diagnosis and treatment of human cancers has beesubject of intense research for
many years (Zafir-Lavie et al. 2007). Unfortunatedince mouse splenocytes are used,
the resulting mouse mAbs are likely to induce atiramtibody response (AAR), known
as human anti-mouse antibody (HAMA) response whdmigistered in humans

(Hwang et al. 2005).

Via DNA recombinant technologies, it is possibleproduce chimeric and humanized
mAbs having more desirable properties. Although tise of chimeric mAbs may
reduce the AAR, however, chimeric mAbs still contane third of antibody of mouse
origin and could still induce a significant AAR, &wn as human anti-chimeric antibody
(HACA) response. On the other hand, humanized malhsch are commonly

developed by complementary-determining regions (E@Rfting method may have

negligible AAR but are often non-functional duethe loss of antigen-binding function.

This is because some non-CDR mouse residues irfraéineework region are still
required for the effective binding of humanized nsAdnd injudicious substitution of
critical residues that maintain the CDR conformatrequired for specific binding to
antigen may cause loss of binding ability (Mateale2000). Consequently, tedious and

laborious back mutations are required to restcg@ thnctionality.

Therefore, in the process of humanization it wolbé desirable to substitute mouse
amino acid residues in the variable region as jodaly as possible. A high degree of

homology in the mouse and human framework will emghat the CDR will have the
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greatest chance of retaining the binding propertiesvever, there will still be a certain
degree of amino acid mismatch in these frameworksvéen human and mouse
antibodies, which may give rise to AAR. Thus cafrefonsideration of strategic
substitution of these mismatched residues is netdtie humanized mAb to maintain
binding affinity and at the same time induce minimAAR when being administered

in humans.

In this chapter, we describe the generation of tiwemanized mAbs using
deimmunization method and logical approach methgainst the C2-antigen, which is
specifically expressed in colorectal carcinomasgdiom mouse anti-C2 mAbs. Here,
only limited residues in the mouse framework regi@re considered for humanization.
Two versions of humanized anti-C2 mAbs were dewsdippH1C2 mAb using

deimmunization method and H2C2 mAb using logicalprapch method. The
functionality of both humanized mAbs were chardeet in vitro using cell-based
assay. The immunogenicity were characterizedvivo using Macaca fascicularis

monkeys and is presented in chapter 6.

3.3 MATERIALSAND METHODS

All materials required for the construction of maorsbronic expression vectors
harboring humanized VH and VL, unless otherwise tinaead, were provided in the
deimmunization technology transfer. The procedimgslved in this technology were
done as described by Roque-Navarro et al. (200B¢ folecular techniques were

performed according to Sambrook and Russell (2G01) unless otherwise stated,
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centrifugation were all performed using MiniSpiugl(Eppendorf, Germany) at 14 500

rpm.

The quantification of RNA, DNA fragments and vestddNA were done using a
Nanophotometer (Implen, Germany), while all recamabi Escherichia coli containing
desired vector DNA were preserved for long-termmagie by adding 0.15 ml glycerol to
0.85 ml of the recombinant bacteria culture whiakravgrown for 12-14 hours at 250
rpm at 37°C. The mixture was mixed by pipetting atated at -80°C. All primers were
synthesized at*1BASE Laboratories, Malaysia. All DNA sequencingctons were
also performed at®1BASE Laboratories, Malaysia. All restriction enzysn ligase,
DNA markers were purchased from Promega, USA. Riaispbuffers used were 1M
with pH 7.4. All other consumables and chemicalsdum this thesis were acquired

from Life Technologies, USA and Sigma-Aldrich, USA.

3.3.1 Amplification, cloning and sequence analggisnouse anti-C2 variable
regions
3.3.1.1 Culture of hybridoma cells secreting @&@2imAb

Hybridoma cells secreting anti-C2 mouse monocl@amibodies were kindly provided
by Dr. Cristina Mateo from Centre of Molecular Imnalogy, Havana, Cuba. The
hybridoma cells were developed by the method desdriby Kohler and Milstein
(1975) using a colorectal cell line, SW1116, which expessshe C2-antigen. The
cryopreserved hybridomas were thawed by adding lofnfreshly prepared growth
media (GM) and mixed by pipetting. The GM was mageof Dulbecco’s modified

eagle media (DMEM) supplemented with 10% (v/v) féavine serum (FBS) (cat. no.:
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S0615, Biochrom, Germany), 1% (v/v) glutamax (cet.: 35050, Life Technologies,
USA) and 1% (v/v) antibiotic/antimycotic (cat. nd5240, Life Technologies, USA).
Then, the mixture was transferred to a 15 ml cluge tube containing 9 ml of GM and
cells were pelleted by centrifugation at 1000 rgn2%?C for 5 minutes. The cells were
then dissolved in 1 ml of GM and transferred to Tiasks (cat. no.: 156472, Thermo
Fisher Scientific, USA) containing 19 ml of GM amdcubated in C@ incubator
(Binder, Germany) for 24 hours. Then, cell supexntivas removed and 20 ml of fresh

GM were added.

Cells were observed daily under an inverted miopsdgNikon, USA) and when cells
were 80-90% confluent, cells were dislodged from shrface of the flask by ‘tapping’
and 10 ml of media containing cells were transfitrenew T75 flask, followed by the
addition of 10 ml of fresh GM to both flasks. Fong term storage, cells with 80-90%
confluency were similarly dislodged and centrifuggdL0O00 rpm at 4°C for 5 minutes.
The cells were resuspended in 1 ml cryopreservatiedia which was made up of GM
containing 10% DMSO (v/v) and were transferred tgotubes (cat. no.: 377224,
Thermo Fisher Scientific, USA). The cryotubes wetaced in Coolcell (Biocision,

USA) at -80°C overnight. Coolcell allowed the grabfreezing of cells at -1°C/minute

before the vials containing frozen cells were tfamed to liquid nitrogen.

3.3.1.2 RNA extraction

Prior to the extraction of RNA, cells in T-75 flaskvith 80-90% confluency were
dislodged and transferred to a 50 ml centrifuge t@ells were pelleted at 1000 rpm at
25°C for 5 minutes and resuspend in 10 ml phospatier. The cells were pelleted

and resuspended with phosphate buffer again. Thenjolume containing £@f viable
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cells which were calculated using Trypan Blue dyelesion assay (Dharshanan et al.

2011b) were resuspended in 1 ml phosphate buffeg ds5 ml centrifuge tube.

The total RNA was extracted using RNeasy Mini Kdat{ no.: 74104, Qiagen,
Germany) according to the manufacturer’s instruxgtiddriefly, cells in 1 ml phosphate
buffer were centrifuged for 10 minutes and resudpdnin 600 pl of buffer RLT by
pipetting. Cells were then homogenized by pas#ieglysate through blunt 21-gauge
needles fitted to a 1 ml syringe at least 10 tinfdsen, 600 pl of 70% ethanol were
added to the homogenized lysate and were mixedifimsttimg before 600 pl of the
mixture were transferred to an RNeasy spin colutacga in a 2 ml collection tube.
The mixture was centrifuged for 15 seconds andfltve-through was discarded. The
process was repeated with the remaining 600 plurextfollowed by the addition of

700 pul of buffer RWI to the column and centrifugatifor 15 seconds.

The flow-through was discarded; the column was wdsby adding 500 pl of buffer

RPE and centrifuged for 15 seconds. The flow-thhowgs discarded and the washing
was repeated using 500 pl of buffer RPE and wagitteyed for two minutes. The

column was further centrifuged for one minute tmo®e any possible carry-over of
buffer RPE. The RNeasy spin column was then placed1.5 ml centrifuge tube and
50 ul of RNase-free water were added directly ® tiembrane of the column. The
RNA was eluted by centrifugation for one minute avak quantified as mentioned in

section 3.3.
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3.3.1.3 cDNA synthesis of VH and VL

The cDNA synthesis of VH and VL was done using $sqépt Il First strand
Synthesis System for Reverse Transcriptase-Polysadzhain Reaction (RT-PCR) (cat.
no.. 1800080-051, Life Technologies, USA). For eadynthesis, 7.0 pul
(5 pg) of purified total RNA from section 3.3.120 ul of dNTPs (10 mM) and 2.0 ul
of primer H (10 mM) for VH or primer L (10 mM) fovL (Table 3.1) were used. The
mixtures were incubated at 65°C for 5 minutes dmah tplaced on ice for 1 minute.
Then, 10 pl of cDNA mix were added into each migtand incubated at 50°C for 50
minutes followed by incubation at 85°C for 5 mirsutelThe mixtures were then
incubated on ice for 1 minute prior to the additbmul of RNase H and incubated at
37°C for 20 minutes. The cDNA mix is made up of 2LGRT buffer (10X), 4.0 ul MgCl
(25 mM), 2.0 DTT (0.1 M), 1.0 ul RNaseOUT and 1.0SuperScript Il RT. The
resulting cDNA of VH and VL were named mouse-cDNMA\ANnd mouse-cDNA-VL,

respectively.

3.3.14 PCR amplification of mouse VH and VL

The cDNAs from section 3.3.1.3vere amplified usingTag DNA Polymerase
Recombinant kit (cat. no.: 11615-010, Life Techgis, USA). For each VH and VL
amplification, 5.0 pl buffer (10X), 1.0 pl dNTP)Y(inM), 3.0 pl MgClI (25 mM), 1.0 ul
Taq DNA Polymerase Recombinant, and 2.0 pl of cDNA, |2.0f forward primers (10
mM), 2.0 ul of reverse primers (10 mM) and stewiaer were added to a final volume

of 50.0 pl.
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For the amplification of VH, mouse-cDNA-VH, primet~0 and HRO were used while
for amplification of VL, mouse-cDNA-VL, primer LFaGnd LRO were used (Table 3.1).
Primers HFO and LFO are forward primers while prsnelRO and LRO are reverse
primers. Both amplifications were executed by PGk Peltier Thermal Cycler-100,
(MJ Research, USA) and according the following st 94°C for 3 minutes, 2) 94°C
for 40 seconds, 3) 55°C for 30 seconds, 4) 72°Q@0oseconds, 5) repeat steps 2-4 for
30 cycles, 6) 72°C for 10 minutes, and finally ctwol°C The resulting PCR products

were named mouse-PCR-VH for VH and mouse-PCR-VLViar

3.3.15 Agarose gel electrophoresis

Both PCR products were analyzed via agarose getrefghoresis using Mini 50 VP

model (Major Science, USA).

Agarose gel 1% (w/v), was prepared by adding ®#agarose (1 BASE Laboratories,

Malaysia) in 40 ml of TAE buffer (1 L of sterile W containing 0.372 g EDTA, 4.84 g
Tris Base and 1.142 ml of acetic acid glacial) gsan100 ml conical flask. The mixture
was then heated using microwave for two minuted, alowed to cool before transfer

to gel cast.

The comb was inserted and gel was allowed to aya3® minutes before the comb was
removed. Then, 5.0 ul of mouse-PCR-VH and mouse-FCRvere each mixed with
1.0 ul loading dye and transferred into designatellis. Similarly, 100 bp DNA ladder
was also loaded in a separate well for estimatioih® size of the PCR-products. The
electrophoresis was performed at 75 V for 50 miswdad the PCR products were

stained by soaking the gel in with DNA stainingwtimn (1 L of sterile water containing
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0.002% (v/v) ethidium bromide) for 5 minutes andualized using Alphalmager 2200

(ProteinSimple, USA).

3.3.16 Purification of VH and VL from agarose gel

The DNA fragments corresponding to mouse-PCR-VH marodise-PCR-VL described
in section 3.3.1.5 were purified from the agaroskusing QIAquick gel extraction kit
(Qiagen, Germany) following procedures outlined thg manufacturer. The DNA
fragments which were visible under UV light werecierd using scalpel and gels
containing the DNA fragment were then transferregrte-weighed 1.5 ml centrifuge
tubes and reweighed. For every mg of the gel, 8fjHuffer QG were added and the
tubes were incubated at 50°C for 10 minutes. Oheegels had dissolved, 1 pl of
isopropanol was added to each mg of gel and theoldisd gel was transferred to

QIAquick columns and the columns were centrifugadlf minute.

The flow-through was removed, 0.5 ml of buffer Q@rev added to the QIAquick
columns and the columns were centrifuged for 1 meind’he flow-through was
removed and, 0.75 ml buffer PE were added to cotuamd centrifuged for 1 minute.
The flow-through was discarded and the columns werdrifuged for an additional 1
minute to remove residual buffer PE. The columnsewtken placed in new 1.5 ml
centrifuge tubes and 50 pl of elution buffer wadedlto the membrane of the columns.
The columns were allowed to stand at room tempegdtr 1 minute before they were
centrifuged for 1 minute. The flow-through contamithe purified mouse-PCR-VH and

mouse-PCR-VL were then used for section 3.3.1.7.
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3.3.1.7 Cloning of mouse-VH and mouse-VL into ahgnvectors

The purified mouse-PCR-VH and mouse-PCR-VL fromtisac3.3.1.6 were then
ligated to pCR2.1-TOPO cloning vectors using TOP®E€Ioning kit (cat. no.: K4500-
01, Life Technologies, USA). For ligation, 1.0 |fl galt solution, 1.0 pl of pCR2.1-
TOPO vectors and 2.0 pl of sterile water were adde2l0 pl of purified mouse-PCR-
VH or mouse-PCR-VL. The ligations were performedram temperature for 30

minutes. The resulting vectors were named mouse-fovNH and mouse-pVL for VL.

3.3.1.8 Transformation

For the propagation of vectors, One Shot Machl-hémically CompeteriE. coli (cat.
no.: C8620-03, Life Technologies, USA) was usedld/containing competeit coli
were thawed on ice before 5.0 pl of the ligatiorxtome from section 3.3.1.7 were
added. The vials were incubated on ice for 30 rem@nd were then heat-shocked for
30 seconds at 42°C. Vials were then immediatelggalaon ice for 2 minutes. Next, 250
pl of S.0.C media were added into each vial andnheures were incubated at 37°C
for 90 minutes at 225 rpm. Fifty (df the transformation mix werspread on pre-
warmed LB-agar plates containing 100 pg/ml of aifipicand 40 pug/ml of X-gal. The

plates were then inverted and incubated at 37°@C@drours.

3.3.1.9 Isolation and culture of bacterial colenie

For each mouse-pVH and mouse-pVL vector, 24 whatetdrial colonies were isolated

using sterile tips and transferred to 15 ml cemgef tubes containing 5 ml of LB-broth
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with 100 pg/ml ampicillin. The recombinant bacteware propagated at 37°C for 16

hours at 250 rpm.

3.3.1.10 Vector extraction (small-scale)

Mouse-pVH and mouse-pVL vectors were purified inaliracale using QIAprep spin
Miniprep kit (cat. no.: 27106, Qiagen, Germany) ading to the manufacturer’s
instructions. First, 1.5 ml of each bacterial otds prepared as described in section
3.3.1.9 were transferred to 1.5 ml centrifuge tuted centrifuged for 5 minutes. The
supernatants were discarded and another 1.5 maaiéthal cultures were added to the

same tubes and centrifuged again.

The bacterial pellets were then resuspended in@56f buffer P1 before 250 ul of
buffer P2 were added. The buffers were mixed briting the tubes 6-8 times prior to
the addition of 350 pl of buffer P3. The buffersrevenixed by inverting the tubes 6-8
times. The mixtures were then centrifuged for 1Gwutes and the supernatants were
transferred to QIAprep spin columns. The columnsaweentrifuged for 1 minute, then
the flow-through was discarded and 0.5 ml of buR& was added. The columns were
again centrifuged for 1 minute, the flow-throughswdiscarded and the columns were
washed by adding 0.75 ml buffer PE and centrifuiged. minute. The resulting flow-
through was discarded and the columns were cegéafiagain for another 1 minute to
remove residual buffer PE. The QIAprep spin columnese then placed in 1.5 ml
centrifuge tube, 50 pl of buffer EB were added aibwed to stand at room
temperature for 1 minute. The vectors were thetedlby centrifuging the mixture for 1

minute. The eluted vectors were analyzed by agagelkelectrophoresis as described in
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section 3.2.1.5 using supercoiled DNA ladder (nat: 15622-012, Life Technologies,

USA) as reference.

3.3.1.11 DNA sequencing and multiple alignments

Ten pl of each eluted mouse-pVH and mouse-pVL veftton section 3.3.1.10 were
transferred to 0.6 ml centrifuge tubes and setBASE Laboratories, Malaysia for
DNA sequence analysis using M13 forward and revprsaers. The DNA sequences
of mouse-VH and mouse-VL sequence were determirmetl @mpared with the
reference sequences provided in the technologgfeanThe comparison was executed
using ClustalWwW  multiple alignment program in  Bidedi software
(http://Iwww.mbio.ncsu.edu/BioEdit/BioEdit.zip). Thi software was also used to

convert the DNA sequences to its corresponding amdaids sequence.

3.3.2 Humanization of mouse anti-C2 mAbs

To determine the amino acids of mouse anti-C2 Vid ®h obtained from section
3.3.1.11 that differ with its homologous human amnarcids, 100 most homologous
human sequences for each VH and VL were obtainech fthe IgBLAST software
(http://www.ncbi.nlm.nih.gov/igblast/). The amineid sequences of the mouse mADb
variable regions were compared with the correspangdequences of human antibody
variable regions using IgBLAST. Only selected moas@no acids that differed from
the homologous human amino acids residues werddayed to be humanized using

deimmunization method and logical approach method.
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3.3.2.1 Deimmunization method

For the development of humanized anti-C2 mAb usiegnmunization method (H1C2
mADb), another software known as AMPHI (Margalitagt 1987) was used to identify
the amphipathia. helix sequences which are putative T-cell epitogesting in both
VH and VL amino acids sequences of the mouse ahtafltibodies acquired from
section 3.3.1.11. These amphipathic moushkelix sequences were predicted to be

immunogenic to humans.

The mouse amino acid residues in the amphipailtielix structure that differed from
the residue present at the same position in theahusequence were considered
candidates to be substituted. The mouse amino a&ds substituted with the residue at
the same position in the human sequence. Theseoamtid substitutions were
performed by overlapping-PCR mutagenesis using gsnpre-designed to contain
mutations in its DNA sequence to substitute thginal mouse DNA sequence to the

sequence that codes for corresponding homologousiumamino acid residue.

3.3.2.2 Logical approach method

For the development of humanized anti-C2 mAb usbgical approach method (H2C2
mADb), no additional software aside from IgBLAST wased. From the mouse-human
amino acids comparison from section 3.3.2, the mduwamework with the highest
homology to its corresponding human framework wastemnined. Then, the
mismatched mouse-human residues (if present) wemsidered candidates for
substitution only if the corresponding human amaea was present in 90% of the total

human variable regions analyzed in section 3.Zh2. Jubstitution was also executed by
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overlapping-PCR mutagenesis using primers pre-dedigo contain mutations in its

DNA sequence.

3.3.3 Humanization and subcloning of humanized alde regions into

expression vectors

3.3.3.1 Deimmunization method

3.3.3.11 Overlapping-PCR mutagenesis

Only the mouse-pVH and mouse-pVL vectors from sectB.3.1.10 that were
confirmed to have the exact DNA sequence (as tleeenece sequences provided in the
technology transfer) were used as templates to log@vbumanized-pVH4A and
humanized-pVL3A. Humanized-pVH4A and humanized-p¥H8e vectors containing
mouse-pVH and mouse-pVL that have 4 and 3 humana®miho acid residues,
respectively. The humanization was executed bylappmg-PCR mutagenesis using

primers shown in Table 3.1.

Primers prefixed H and L were used for VH and \@spectively. For both VH and VL,
primers HFO-3 and LFO-4 were used as forward pmerhile primers HRO-3 and

LRO-4 were used as reverse primers.

Primers numbered 1-4 were mutagenic primers cdntpimucleotide substitution
(letters underlined and bolded) in its DNA sequetoc@troduce the specific amino acid

conversion at the desired residues. From the IgBLASd AMPHI software analysis, it
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was found that 7 amino acids; residues 10, 17 ndi44® on mouse VH and residues 15,

50 and 68 on mouse VL should be humanized to itesponding human residues, in

order for the resulting H1C2 mAb to have reducethimogenicity and still able to bind

to the C2-antigen.

A)

Humanization of residue 10 of mouse VH anddesil5 of mouse VL

Each of the site-specific mutagenesis was donéhtetsets of PCRs outlined
below.

() PCR-1: the mixture contained 48.0 ul of mastéx components and 1.0 pl
each of primers HFO/LFO and HR1/LF1.

(i) PCR-2: contained the exact components as PC#kdept that primers

HF1/LF1 and HRO/LFO were used instead.

The master-mix was made up of 10.0 pl of reactiaffeb (10X), 2.0 pl of
dNTPs (10 mM), 2.0 pl of recombinanag DNA polymerase, 3.0 pl of MgCl,
73.0 pl of sterile water and 6.0 pl of mouse-pVHas®pVL vectors. The two
PCR products were then purified as described iticse8.3.1.6 before being

merged using overlapping-PCR (PCR3).

(i) PCR-3 (overlapping-PCR): the mixture was damito the master-mix of
PCR-1 and 2 with the following exception, 76.0 filsterile water, 1.0 pl of
recombinantTaqg DNA polymerase, 1.0 pl of each primer HFO/LFO and
HRO/LRO were used and the mouse-pVH/mouse-pVL veoiere substituted
with 3.0 pl of each purified PCR-1 and PCR-2 praddor a final volume of

100 pl.
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Table 3.1: List of primers and their DNA sequend@smers with underlined and
bold nucleotide are mutagenesis primers designétrmduce mutations

at specific mouse residues to its homologous humsidues

Primer name Primer sequence
H 5' GGTCTAGAACCTCCACACACAGCAACCAGTGGATAGAC-3
L 5-GCGTCTAGAACTGGATGGTGGGAAGATGG-3
HFO 5-GGGGATATCCACCATGGCTGTCTTGGGGCTGCTCTTCT-3
HRC 5-GGGGCTAGCTGCAGAGACAGTGACCAGAG-3
HF1 5-GAGTCAGGACCTGCCTGGTGAAACCT-3
HR1 5-AGGTTTCACCAGE&CAGGTCCTGACTC-3’
HF2 5-GTGAAACCTTCTCARCACTTTCACTCACC-Z
HR2 5-GGTGAGTGAAAGTE CTGAGAAGGTTTCAC-3
HF3 5-CGGCAGTTTCCAGGAAAAGGACTGGAATGG-3
HR3 5-CCATTCCAGLECTTTTCCTGGAAACTGCCG-3
LFO 5-GGGGATATCCACCATGAGGTCCCCTGCTCAGCTC-3
LRO 5-AGCGTCGACTTACGTTTTATTTCCAGCTTGGTCCC-3’
LF1 S5-TTGTCGGTTACCTTGGACAACCAGCC-3
LR1 5-GGCTGGTTGTCCA/GGGTAACCGACAA-3
LF2 5-GGCCAGTCTCCAAGCGCCTAATCTAT-Z
LR2 5-ATAGATTAGGCGOQCTTGGAGACTGGCC-3
LF3 5-CCTGACAGATTCAGTGGCAGTGGATCA-3
LR3 5-TGATCCACTGCCATGAATCTGTCAGG-3’
LF4 5-GATTTCGCACTGAAAATCACCAGAGTG-3'

LR4 5'-CACTCTGCTGATTTTCAGTGCGAAATC-3
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All PCR reactions were executed as described itiose8.3.1.4. The products of PCR-3
were purified, ligated to cloning vectors and weent for DNA determination as
described in sections 3.3.1.6-11. Vectors with desired sequences were determined

and named humanized-pVH1A and humanized-pVL1A respedy.

B) Humanization of residue 17 of mouse-VH anddesi50 of mouse-VL
The humanization was performed as described inoseét3.3.1.1A with the
following differences:
* mouse-pVH and mouse-pVL (in both PCR-1 and PCR&eweplaced with
humanized-pVH1A and humanized-pVL1A, respectively.
* Primers HF1 and HR1 were replaced with HF2 and HB)ectively.
* Primers LF1 and LR1 were replaced with LF2 and LiR&pectively.
Vectors with the desired sequences were determamed named humanized-

pVH2A and humanized-pVL2A.

C) Humanization of residues 44 & 45 of mouse-Vid assidue 68 of mouse-VL
These final mutations were performed as descried®.8.3.1.1A with the
following differences:

* mouse-pVH and mouse-pVL (in both PCR-1 and PCR&eweplaced with
humanized-pVH2A and humanized-pVL2A, respectively.

* Primers HF1 and HR1 were replaced with HF3 and H&®ectively.

* Primers LF1 and LR1 were replaced with LF3 and LiR8pectively.

Vectors with the desired sequences were determamed named humanized-

pVH4A and humanized-pVL3A.
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3.3.3.1.2 Double-Digestion

To facilitate the cloning of humanized variable iogg into its respective expression
vectors, the cloning vectors harboring the humahizariable genes were double-
digested to release the relevant genes coding fbakd VL. The humanized-pVH4A
and mouse-pAH4602 vectors were digested with digeshixture 1 while humanized-
pVL3A and mouse-pAG4622 vectors were digested digiestion mixture 2. Digestion
mixture 1 consisted of 5.0 ul buffer 2, 0.5 pl BEAOX), 0.5 pulEcoRV, 0.5 pINhel,
and 40.0 pl sterile water, while digestion mixt@reonsisted of the same components
as digestion mixture 1, except that the 5.0 pldu# and 0.5 pNhel were replaced

with 5.0 pl buffer 3 and 0.5 |#all.

To start the digestion, 3.pl of humanized-pVH4A and mouse-pAH4602 vectors or
humanized-pVL3A and mouse-pAG4622 vectors were a@dte their respective
digestion mixtures. Both digestions were perforraed@7°C for 1 hour, followed by the
inactivation of the restriction enzymes at 80°C 26r minutes. The digested vectors
were then analyzed by agarose gel electrophorssig i kb DNA ladder as reference
marker. Fragments corresponding to humanized-VHa#nanized-VL3A, pAH4602

and pAG4622 were then purified from agarose gelessribed in section 3.3.1.6.

3.3.3.1.3 Ligation

For ligation of the humanized-VH4A and humanized3¥L into pAH4602 and
pAG4622, respectively, purified digested fragmeobdained from section 3.3.3.1.2
were used. Briefly, 6.0 pl of humanized-VH4A andrtamized-VL3A fragments were

added to 2.0 pl of purified digested pAH4602 andz@&22 in 0.6 ml centrifuge tubes.
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Then 1 pl of T4 DNA ligase and 1 pl of ligase buif#0X) were added to both ligation

mixtures.

The mixtures were then incubated at 15°C for 1G$0the ligation products were then
transformed irk. coli and were plated on LB-agar containing 100 pg/marmpicillin.
Small-scale vector extractions were performed asriteed in section 3.3.1.10 and 3.0
pl of the extracted vectors were again double-degesvith its respective restriction
enzymes to confirm the presence of humanized ariaégions. The recombinant
vectors were named humanized-pAH4602A for humarizddA and humanized-

pPAG4622A for humanized-VL3A.

3.3.3.14 Vector extraction (large-scale)

For transfections, humanized-pAH4602A and humanE&@4622A vectors were
purified in large-scale using QIAfilter Plasmid Makit (cat. no.: 12263, Qiagen,
Germany) according to the manufacturer’s instrungioFifty pl of bacterial cultures
from section 3.3.3.1.3 having the desired recontinactors were transferred to 15 ml
centrifuge tubes containing 5 ml of LB-broth witBGLpg/ml amplicilin and cultured at

37°C for 8 hours at 300 rpm.

For each vector, the procedure described next psiep First, 200 pl of the 8 hour
bacterial culture were transferred to conical flasktaining 100 ml LB-broth with 100
pg/ml ampicilin and incubated at 37°C for 16 hoats300 rpm. Bacterial cells were
then harvested by transferring 40 ml of the 16 &oofr bacterial culture to 50 ml
centrifuge tubes and centrifuged at 6000 rcf fomiiGutes at 4°C. The centrifugation

was repeated for the remaining 60 ml of the baaterlture. Then the bacterial pellets
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were resuspended in 10 ml buffer P1, before 10froutier P2 were added. The buffers
were mixed by inverting the tubes 6-8 times andew#ren incubated at room
temperature for 5 minutes. Ten ml of chilled buf® were added to the lysate and the
contents were mixed immediately by inverting thieetsi 6-8 times. The lysate were then

transferred into QlAfilter cartridge and incubatgdoom temperature for 10 minutes.

As the incubation proceeded, QIAGEN-tip 500 colwvas equilibrated by applying 10
ml of buffer QBT, and the column was allowed to é&mpy gravity flow. Then, the
lysate in the QIAfilter cartridge was transferrexdioi the equilibrated QIAGEN-tip 500
column and allowed to be filtered by gravity flohhe QIAGEN-tip 500 column was
then washed twice with 30 ml of buffer QC beforeribof buffer QF was added to

elute the DNA by placing the column in a clean S@eantrifuge tube.

DNA was then precipitated by adding 10.5 ml isopog to the elution and the
contents were mixed and immediately centrifuged0a000 rcf for 30 minutes at 4°C.
The supernatant was carefully discarded withoutuding the pellet and 5 ml of 70%
ethanol were added to wash the DNA. The sampleceasifuged again at 20 000 rcf
for 15 minutes at 4°C. The supernatant was cayeliicarded and the pellet was air-
dried for 15 minutes before being dissolved in L0®f sterile water. The vector was

then analyzed by agarose gel electrophoresis asiloed in section 3.3.1.5.

3.3.3.1.5 Linearization of vectors

The vectors were linearized before transfectionsreweone. To perform the
linearization, 25.0 pg of each vector were addedigestion mixture 3 which consisted

of 5.0 ul buffer 3, 0.5 pl BSA (100X), 1.0 plul and sterile water was added to a final
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volume of 50 pl. The digestions were then perforrae@7°C for 16 hours. To purify

the linearized vectors, 200 pl of 100% ethanol waatded and mixed by pipetting and
the mixtures were incubated at -80°C for 20 minufléen the samples were centrifuged
at 13 000 rpm at 4°C for 20 minutes, the supernatas discarded and the pellet was
washed with 200 pl of 70% ethanol. The mixturesenegntrifuged at 13 000 rpm at
4°C for 15 minutes; the supernatant carefully dided and the pellets air-dried for 10

minutes before being resuspended in 1.2 ml ofistester.

3.3.3.2 Logical approach method

From the IgBLAST analysis in section 3.3.2, it wiasind that the amino acids in
framework 4 of both VH and VL had 100% homologywietn mouse and human. Thus
no further manipulation in this framework was neseeg. Therefore framework 1 of VH
and 3 VL, which had the second highest degree ohahmgy to that of human
frameworks were chosen for humanization. Due to liigh degree of homology
between mouse and human residues, it was felhtiratinization on these frameworks
would result in H2C2 mAb that would still be able bind to the C2-antigen on
colorectal carcinoma and also have a reduced imgamoity when applied in humans.
In framework 1 of mouse VH, residue 10 was targefied substitution and for

framework 3 of mouse VL, residues 68 and 81 weaigetad for substitutions.

These residues were chosen because the corresgdndiran amino acids are present
in 90% of all the human antibody variable regiommalgzed and substituting these
residues would have the best chance of reducingumogenicity while retaining

reactivity.
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3.3.3.21 Overlapping-PCR mutagenesis

Similar to the deimmunization method, only the nep¥H and mouse-pVL vectors

from section 3.3.1.10 that were confirmed to hawe é¢xact DNA sequence as that

provided in the technology transfer were used asplates to develop humanized-

VH1B and humanized-VL2B vectors.

A)

B)

C)

Humanization of residue 10 of mouse VH

Since this residue was also humanized with the saomeesponding human
amino acid in the deimmunization method, humanp€ttlA vector from
section 3.3.3.1.1A which contains this humanizesidiee was used, and named

humanized-pVH1B instead.

Humanization of residue 68 of mouse VL

The mutations of these residues were performecssrithed in 3.3.3.1.1A with
the following differences:

* mouse-pVL (in both PCR-1 and PCR-2) was used.

* Primers LF1 and LR1 were replaced with LF3 and LiR8pectively.

Vectors with the desired sequences were determameld named humanized-

pVL1B.

Humanization of residue 81 of mouse VL

The mutations of these residues were performeessithed in 3.3.3.1.1 A with
the following differences:

e humanized-pVL1B (in both PCR-1 and PCR-2) was used.

« Primers LF1 and LR1 were replaced with LF4 and LiRdpectively.
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Vectors with the desired sequences were determamed named humanized-

pVL2B.

3.3.3.2.2 Cloning into expression vectors.

The humanized-VH1B and humanized-VL2B were clom#d pAH4602 and pAG4622
by methods described in section 3.3.3.1.2-4. Tlwwmbinant vectors were named
humanized-pAH4602B for humanized-VH1B and humanpza®4622B for
humanized-VL2B. Both recombinant plasmids weredimeed and purified as described

in section 3.3.3.1.5.

70



34 RESULTSAND DISCUSSION

3.4.1 Amplification, cloning and sequence analysgisnouse variable regions

Cytoplasmic total RNA was extracted from hybridoo®lls expressing mouse anti-C2
mAbs and was converted to cDNA of mouse VH and MLréverse transcription
polymerase chain reaction (RT-PCR) using specifimg@rs for VH and VL regions.
Then, PCR was used to amplify the mouse varialg®ns. The PCR-amplified mouse
VH and VL regions were found to be of approximatedp bp and 400 bp, respectively,

as illustrated in the agarose gel electrophorasifl@in Figure 3.1.

Cloning of mouse-PCR-VH and mouse-PCR-VL into pARPOPO vectors by TA

cloning method yielded vectors of approximately BBl (Figure 3.2a) and 3.3 kb
(Figure 3.2b), respectively, which consisted of RARTOPO vectors (2.9 kb) plus
mouse VH (500 bp) or mouse VL (400 bp). Mouse-pVittl anouse-pVL vectors

purified from 24 bacterial clones were sequencetbimard and reverse direction to
double-confirm the DNA sequences. From the 24 DNfuences analyzed, only 2
bacterial clones had the identical mouse VH DNAg(fe 3.3) and 6 clones had
identical mouse VL DNA (Figure 3.4) sequence, wlrempared with the reference
sequences provided in the technology transfer. rEmeaining clones had undesired

mutations in their DNA sequences.
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Figure 3.1: Ayarose g¢ electrophoresis profile of PC&nplified cDNA of moust
variable region. Hybridoma cells secreting mouse -C2 monoclonal
antibodies were used for the extraction of totalAs Then, the RNA was
used to synthesize cDN of mouse VH and VL of amC2 mADb, which
were both amplified using PCR. The amplified m-PCF-VH (VH) and
mousePCF-VL (VL) were approximately 500 band 400 b, respectively.

100 bp DNA ladder (M) was used as refere.
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Mot-pVH vectors

Mouse-pVL vectors

Figure 3.2: Agarose gel electrophoresis prs of recombinant vectors containing
mousePCF-VH (a) and mouse-PCRL (b). For each mouse variak
region, vectors from 24 bacterial clones were ex¢é@and analyzed. Wi
the exception of one clone, mo-pVH vectors from the remaining :
clones wer approximately 4.4 kb which consistesf pCR2..-TOPO
vectors(3.9 kb) and VH (500 bp). All 24 clones of mo-TA-VL vectors
were approximately 4.3 kb, whiwasmade up of pCR2-TOPO vectors
(3.9 kb) and mousVL (400 bp). Supercoile®NA ladder (M) was use

asreferenc.
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Heference VH GATGTGCAGCTTCAGGAGTCAGGACCTGACCTGGTGAAACCT TQJ UGN CACCTGCACTGT
H-2a4_M13F-20 CACAGCCTTTCCTGGTATCCTGTCTGATGTGCAGCTTCAGGAGTTSBGATGGTGAAACCTTCTCAGTCACTTTCACTCACCTGCAQ
H-2a8_M13F-20 CACAGCCTTTCCTGGTATCCTGTCTGATGTGCAGCTTCAGGAGTTSBGATGGTGAAACCTTCTCAGTCACTTTCACTCACCTGCAQ

Heference VH TGGCTACTCCATCACCAGTGCTTATAACTGGCACTGGATCCGGCAGGRPACAAACTGGAATGGATGGGCTACATAAGC
H-2a4_M13F-20 TGGCTACTCCATCACCAGTGCTTATAACTGGCACTGGATCCGGCAGBRPACAAACTGGAATGGATGGGCTACATAAGC
H-2a8_M13F-20 TGGCTACTCCATCACCAGTGCTTATAACTGGCACTGGATCCGGCAGBRPACAAACTGGAATGGATGGGCTACATAAGC

Heference VH GGTACCACTAGCTACAACCCATCTCTCAAAAGTCGAATCTCTATCAATSGATCCAAGAACCAGTTCTTCCTGCAGTTGAATTCT(
H-2a4_M13F-20 GGTACCACTAGCTACAACCCATCTCTCAAAAGTCGAATCTCTATCBETAGATCCAAGAACCAGTTCTTCCTGCAGTTGAATTCT(
H-2a8_M13F-20 GGTACCACTAGCTACAACCCATCTCTCAAAAGTCGAATCTCTATOBETAGATCCAAGAACCAGTTCTTCCTGCAGTTGAATTCT(

Heference VH ACTGAGGACACAGCCACTTATTACTGTGCACGTAACGACGAGAGBRIGCIGSCTGGGGCCAAGGGACTCTGGTCACTGTC
H-2a4_M13F-20 ACTGAGGACACAGCCACTTATTACTGTGCACGTAACGACGAGAGERGCIGECTGGGGCCAAGGGACTCTGGTCACTGTCTC
H-2a8_M13F-20 ACTGAGGACACAGCCACTTATTACTGTGCACGTAACGACGAGAGERBGCIGECTGGGGCCAAGGGACTCTGGTCACTGTCTC

Figure 3.3: Profile of DNA sequence of meWH compared with reference sequence providemn Fne DNA sequencing of 23 bacterial

clones having mouse-pVH vectors, two clones (VH-2423F-20 and VH-2a8 M13F-20) had the exact DNA seges as

reference sequence (Reference VH).
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Reference VL GATGTTGTGATGACCCAGACTCCACTCACTT
VK-2a_M13F ATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGIGCTCTGGAT KIEBBASGGTGATGTIGTGATGACCCAGACTCCACTCAC
VK-1d_M13F IATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGIGCTCTGGAT KTEBBASGGTGATGTIGTGATGACCCAGACTCCACTCAC
Reference VL GTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGTCAAGTCAGABGEBTAGTGATGGAAAGACATATTTGAATTGGTTGTTAG
VK-2a_M13F GTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGTCAAGTCAGABGETAGTGATGGAAAGACATATTTGAATTGGTTGTTAG
VK-1d_M13F GTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGTCAAGTCAGABGEBTAEGTGATGGAAAGACATATTTGAATTGGTTGTTACG

Reference VL CCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTCTAAACTGEGAGICTICCTGACAGATTCACTGGCAGTGGATCAGGGACAG

VK-2a_M13F CCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTCTAAACTGEGAGIICICCTGACAGATTCACTGGCAGTGGATCAGGGACAG

VK-1d_M13F CCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTCTAAACTGEGAGICICCTGACAGATTCACTGGCAGTGGATCAGGGACAG
Reference VL IACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTTTATTGCFAGIEAACACATTTTCCTCACACGTTCGGAGGGGGGA(
VK-2a_M13F IACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTTTATTGCFAGIEAACACATTTTCCTCACACGTTCGGAGGGGGGA(
VK-1d_M13F IACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTTTATTACFAGIEAACACATTTTCCTCACACGTTCGGAGGGGGGA(

Reference VL GGAAATAAAACGTAAGTCGACG(ogRSGA,

VK-2a_M13F GGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCAGCACACTGEIRIEGBGTGGATCCGAGCTCGGTACCAAGCTTIGGCGTAA

VK-1d_M13F GGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCAGCACAQTGEIREGBGTGGATCCGAGCTCGGTACCAAGCTTIGGCGTAA

Figure 3.4: Profile of DNA sequence obuse VL compared with reference sequence proviBeazn the DNA sequencing of 24 bacterial
clones having mouse-pVL vectors, six clones hadl#sred DNA sequences as reference sequence éRefevL). Only 2 clones

are shown (VK-2a_M13F and VK-1d_M13F) in this dizgr.
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3.4.2 Development of humanized anti-C2 mAbs

3421 Deimmunization method

The DNA sequences of mouse VH and VL were convettedheir corresponding
amino acid sequences and were compared with theiologous human VH and VL.
From the IgBLAST analysis (excluding the CDR regiprit was found that 21 (Figure
3.5) and 11 (Figure 3.6) residues differed betwe®wuse heavy and light variable
regions and their respective homologous human V#i \dh sequences. The mouse

amino acids were then analyzed for potential imngemic epitopes using AMPHI.

From the output results of mouse VH using AMPHItwafe (Appendix A), five mid-
points of amphipathic block were identified: re®dB8-9, 11-16, 33-38, 47-52 and 106-
110. Similarly, from the output results of mouse Wding AMPHI software (Appendix
B), four mid-points of amphipathic block were idiéiet: residues 17-18, 46-49, 59-70
and 99-104. Since five amino acids residues befodeafter the mid-points blocks were
also classified amphipathic (Roque-Navarro et 803}, therefore three amphipathic
segments were identified in VH (Figure 3.5): resislu3-21, 28-57 and 101-115.
Likewise, three amphipathic segments were alsotiiiksh in mouse VL (Figure 3.6):

residues 12-23, 41-75 and 94-109.

Nevertheless, from the IgBLAST analysis, only 18idees in VH (Figure 3.5) and 6
residues in VL (Figure 3.6) that differed betweewouse heavy and light variable
regions and their respective homologous human VéH \dn sequences are located in
the amphipathic regions. Therefore, only thesedues were considered to be replaced

by the respective residue present at the samdgoBsitthe human sequences.
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S R R R 10-------------- FWRL- - -------- 20 - - 30>
Mbuse codon V QL Q ES GP|DIL VKPSOQSIL SLTCTUVTGYSI T
Mouse DNA --- GTCCAGCTTCAGGAGTCAGGACCIITGACCTGGTGAAACCTTCICAGTCBUTATTACACTGT CACTGECTACTCCATCACC
Human codon V QL Q ES GUP|G|IL V KPS EIT|L SLTCTVS GG S VS
Human DNA CAG. ....... G....... G.C.AG ....... G....GG.AC.G.C........... LT TGG ... G .. G

<------ CDR1------ S 40-------- FWR2- - - - e e e - - Y R CDR2--------- 60-
Mbuse codon S AYNWHWI RQFUPGIN|IKIL EWMGY Il SYNGTTSY
Mouse DNA AGTGCTTATAACTGGCACTGGATCCGGCAGTTTCCAGGAAAJAAACTGGAATGGATGGGCTACATAAGCTACAATRGTAGCTAC
Hurman codon Wl R QP P G|IKE |[L E W I G
Human DNA CCC. .. .. G.CEG ... G T..G

---------------- e O il w4 < B < | R [0

Mbuse codon NP SL K SRI SI TRDT S KN OQFUFLOQLNSVTTED
Mbuse DNA AACCCATCTCT CAAAAGT CGAATCTCTATCACT CGAGACACAT CCAAGAACCAGT TCTTCCTGCAGT TGAATTCTGTGACTACTGAGGAC
Human codon R VT I SV DT SKNIQFSULIKWLSSVTAA D
Human DNA G.AC .AT.AGT...... G ..o C A.C..CC....... CG..C

---------------------- ><---100------CDR3----------><-----110----FWl-- - - - - - - - - - - >
Mbuse codon T A TYYCARNUDERAWFAYWGOQGTULVTVS
Mouse DNA ACAGCCACTTATTACTGTGCACGTAACGACGAGAGGGCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGRIICACT
Human codon T A VY Y CAR WG Q GT L VTV S
Human DNA G LLGTG L

Figure 3.5:  Profile of DNA and amino acid sequecomparison between mouse and human VH. Based eomrtiphipathic region residues
(underlined) that differ (red color), only four rdses (in red boxes) were humanized to the homeoisdmman residues. Residues in

the CDR regions are highlighted in yellow.
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S R R 10-------------- FWRL- - -------- 20--------- D R R 30-
Mbuse codon DVVMTOQTWPLTLSVTI|II|GQPASI SCKJSSOQSIULL
Mouse DNA GATGTTGTGATGACCCAGACTCCACTCACTTTGICGGTTACICATTGGACAACCAGCCTCCATCT@RBECAAGT CAGAGCCTCTTA
Human codon DVVMTOQSZPL SLPVTI|ILIGQPASI S C
Human DNA ... T...T........ T.CC..C.C..C..C...... G.G.......... C

------- CDRL---------------><40-----------FWR2-------------50-----------><----CDR2------60>
Mbuse codon D S DGIKTVYULNWLILOQORZPG G QS SUP|IKIRL I YL VS KULD
Mouse DNA G ATAGTGATGGAAAGACATATTTGAATTGGI TGTTACAGAGGCCAGGCCAGTCITCAAAAGCGCCTAATCTATCTABAGTGTAC
Human codon WFQ QRP GOQS P|IR|IR L I Y
Human DNA LTCAG .. A ..., G........ T

S R R R P4 FWR3- - - - - - - - BO----m e 90-

Mbuse codon S GV PDREF|TIGS GS GTDFALI KI RRVYVYEAETDTUL GV
Mouse DNA TCTGGAGTCCCTGACAGATTOACTGGCAGTGGATCAGGIACAGHKIT GAAAAT CAGGAGAGT GGAGGCTGAGGATTTGGEGAGT T
Hurman codon S GV PDRF|SIGS GS GTDUZFTULIKI SRVEAETDVGV
Human DNA - .. ... G Ao GC........ G C.T...... Ao C.G.............. GT..G

-------- ><-----CDR3--------100-----><------FW------------>
Mouse codon Y YCWQGTHT FWPHTFGG GG GT K L
Mouse DNA TATTATTGCIGGCAAGGAACACATTTTCCTCACACGTTCGGAGGGGGGACCAAGCTGGA
Hurman codon Y Y C F G G G T K L
Human DNA - ... Cooo

Figure 3.6:  Profile of DNA and amino acid sequegoenparison between mouse and human VL. Based emariphipathic regions residues
(underlined) that differ (red color), only threesigues (in red boxes) were humanized to the homo®dguman residues. Residues in

the CDR regions were highlighted in yellow.
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From the 10 residues that differed in the amphipatbgions of mouse VH, three
residues (27-Y, 29-I, 30-T) were located in thenier zone (Table 3.2). While for
mouse VL, from the 6 residues that differed in dingphipathic regions, 2 residues were

present in vernier zone (41-L & 42-L) (Table 3.8)njagro & Fransson, 2008).

Residues present in both CDR and the vernier zergummarized in Table 3.2 were
not replaced because these residues contributeetoanformation of the binding site
(Roque-Navarro et al. 2003, Almagro & Fransson,808Ithough the remaining 7 and
4 residues of VH and VL may be humanized, neves®ebnly four residues of mouse
VH (10-D, 17-S, 44-N and 45-K) and 3 residues ouseVL (15-1, 50-K, 68-T) were

humanized.

The remaining residues of mouse VH (16-Q and 4&RJ VL (12-S) were not

humanized because these amino acids are foundefrédguat these positions in human
framework sequences (Roque-Navarro et al. 2003). rémaining 41-F of mouse VH
was not humanized due to the structural constraintshe binding site confirmation,

which do not allow the replacement of these resd@®mque-Navarro et al. 2003).

Hence, in the final proposed humanization for VHg(ife 3.5), the following mouse
residues were substituted to the corresponding huesidue: residue 10 from aspartic
acid (D) to glycine (G); residue 17 from serine {&)threonine (T); residue 44 from
asparagine (N) to lysine (K); and residue 45 frgsirle (K) to glycine (G). While for
VL (Figure 3.6), the residues substituted wereidtes 15 from isoleucine (1) to leucine
(L); residue 50 from lysine (K) to arginine (R);danesidue 68 from threonine (T) to

serine (S).
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Table 3.2: Amino acid residues of VH and VL that bycated in the CDR and vernier

regions

Source: Roque-Navarro et al. 2003; Almagro & Frans2008

VH (Residues) VL (Residues)
CDR 31- 36 24- 39
51-66 55- 60
99-107 94- 102
Vernier Zone 2 4
27-30 27-28
51-52 30
75 41-42
79 52-53
84 55
101-102 74-75
114 77
79
84

106
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To introduce the specific amino acids conversiamfrthe mouse to the homologous
human residue, mutagenesis primers were designédised. Since it is also possible
for more than one codon to code for one amino dbiel,codon that requires the least
number of nucleotide substitution was chosen asvsanzed in Table 3.3. Also, since

residues 44 and 45 are next to each other on \WHsdime set of mutagenesis primers

were designed to include both mutations.

The proposed mutations were carried out for both &l VL using three sets of
sequential overlapping-PCR for both VH and VL fack amino acids conversion.
Each set of overlapping-PCR mutagenesis considtédoomutagenesis-PCRs (PCR-1

& PCR-2) and one overlapping-PCR (PCR-3).

PCR-1 resulted in the synthesis of the 5’ of the &ftdl VL until the point of amino acid
(s) substitution, while PCR-2 resulted in the swsih of the 3’ of the VH and VL from
the point of amino acid (s) substitution. PCR-3tleeerlapped both products of PCR-1
and PCR-2 for a complete DNA synthesis from th¢o53’ of VH and VL identical to
mouse VH and VL with the exception of the subsiiutof the nucleotides sequences

giving rise to the desired human amino acid resdue

From Figure 3.7 which shows the set of PCRs forcthreversion of residue 10 of VH,
products of PCR-1 and PCR-2 (Figure 3.7a) were cqimiately 150 bp and 350 bp
while PCR-3 product which is a combination of bB¥R-1 and 2 products was 500 bp
(Figure 3.7b). Similarly for the conversion of ehs 68 of VL, PCR-1 and PCR-2
products (Figure 3.7c) were approximately 300 bg #00 bp and thus combination of

both products in PCR-3 (Figure 3.7d) was 400 bp.
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Table 3.3: Humanization of amphipathic mouse ressdio their homologous human
residues using deimmunization method. The origowalon that codes for
mouse residues were substituted to that of humanréquired the least

nucleotide for substitution (underlined)

Residue Mouse amino acid Human amino acid Possible human codons

10 (D)-VH Aspartic acid (GAC) Glycine (G) GGT, GGC GGA, GGG

17 (S-VH Serine (TCA Threonine (T ACT, ACC,ACA, ACG

44 (N)-VH Asparagine (AAC) Lysine (K) AAA, AAG

45 (K)-VH Lysine (AAA) Glycine (G) GGT, GGC,_GGAGGG

15 (N-VL Isoleucine (ATT Leucine (L TTA, TTG, CTT, CTC,
CTA, CTG

50 (K)-VL Lysine (AAG) Arginine (R) CGT, CGC, CGA, CGG,
AGA, AGG

68 (T)-VL Threonine (ACT) Serine (S) TCT, TCC, TCA, TCG,

AGT, AGC
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bp M PCF-1 PCR-2 bp M PCR-3

bp M PCI-1 PCI-2 M PC-3 _

Figure 3.7 Agarose gel electrophoresis pros of humanization of residue 10 of mot
VH (a & b) and 68 of VL (c & d)PCR-1 and PCR-are mutagene+-PCR
which introduces the scific amino acid humanizationPCR-3 is an
overlappin-PCR which overlaps both PCR-1 and RZRroducts. The
products of PC-1 and PCR-2 of VH (a) werapproximately 15(bp and
350 bp respectively while that for VL (c)ere approximately 30(bp and
100 bp. The produs of PCR-3 of VH (b) and VL (d) &re 500 bp and 400

bp, respectivelyl00 bp DNA ladder (M) was used as refert.
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After each set of overlapping-PCR mutagenesisptbeucts of PCR-3 were purified,
cloned into TOPO-vectors and vectors from 24 badtelones were sent for DNA
sequence determination. For the development of himed-pVH4A, the first set of
overlapping-PCR mutagenesis was performed to dpvelomanized-pVH1 for the
conversion of aspartic acid (GAC) to glycine (GG&)residue 10 as illustrated in
Figure 3.8. The humanized-pVH1 vector was then uasda template for the
development of humanized-pVH2A for the conversidrserine (TCA) to threonine
(ACA) at residue 17, in addition to previous mugatiat residue 10 as shown in Figure
3.9. Finally, the humanized-pVH2A vectors havinghbmutations at residues 10 and
17 was used as a template for the developmentroahized-pVH4A for the conversion
of asparagine (AAC) to lysine (AAA) and lysine (AAAo glycine (GGA) at residues

43 and 44, respectively (Figure 3.10).

Similarly, for the development of humanized-VL3Agetfirst set of overlapping-PCR
mutagenesis was performed to develop humanized-pVidr the conversion of

isoleucine (ATT) to leucine (CTT) at residue 15gie 3.11). The humanized-pVL1A
vector was then used as a template for the deveopwwf humanized-pVL2A by the
conversion of lysine (AAG) to arginine (AGG), atsidue 50 in addition to previous
mutation at residue 15 as shown in Figure 3.12alBinthe humanized-pVL2A having
both mutations at residues 15 and 50 was usedtemglate for the development of
humanized-pVL3 by the conversion of threonine (A@QJ serine (AGT) at residue 68

in addition to previous mutations at residue 15 abdFigure 3.13).
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Referpnce VH

VH-ABC_3a_M13F
VH-ABC_3d_M13F-20_
VH-ABC_4e_M13F-20__

GATGTGCAGCTTCAGGAGTCAGUGARTIBEGTGAAACCTTCTCAGTCACTTTCACTCACCTGCAG

GCCTTTCCTGGTATCCTGTCTGATGTGCAGCTTCAGGAGTCAGGETGEBEHEGEAACCTTCTCAGTCACTTTCACTCACCTGCA(G

GCCTTTCCTGGTATCCTGTCTGATGTGCAGCTTCAGGAGTCAGGETGEBEHEGEAACCTTCTCAGTCACTTTCACTCACCTGCA(

GCCTTTCCTGGTATCCTGTCTGATGTGCAGCTTCAGGAGTCAGGLTGEBEHEGAEAACCTTCTCAGTCACTTTCACTCACCTGCA(Q
I

Reference VH
VH-ABC_3a_M13F-20
VH-ABC_3d _M13F-20
VH-ABC_4e_M13F-20

CTGGCTACTCCATCACCAGTGCTTATAACTGGCACTGGATCCGGCAGERFACAAACTGGAATGGATGGGCTACATAAGCTAG
CTGGCTACTCCATCACCAGTGCTTATAACTGGCACTGGATCCGGCAGERFACAAACTGGAATGGATGGGCTACATAAGCTAG
CTGGCTACTCCATCACCAGTGCTTATAACTGGCACTGGATCCGGCAGERFACAAACTGGAATGGATGGGCTACATAAGCTAG
CTGGCTACTCCATCACCAGTGCTTATAACTGGCACTGGATCCGGCAGERKACAAACTGGAATGGATGGGCTACATAAGCTAG

Reference VH

VH-ABC_3a_M13F-20
VH-ABC_3d_M13F-20
VH-ABC_4e_M13F-20

ACCACTAGCTACAACCCATCTCTCAAAAGTCGAATCTCTATCACTAGAGZCAAGAACCAGTTCTTCCTGCAGTTGAATTCTGT(
IACCACTAGCTACAACCCATCTCTCAAAAGTCGAATCTCTATCACTRAGABRPCAAGAACCAGTTCTTCCTGCAGTTGAATTCTGT(
IACCACTAGCTACAACCCATCTCTCAAAAGTCGAATCTCTATCACTAGABRACAAGAACCAGTTCTTCCTGCAGTTGAATTCTGT(
IACCACTAGCTACAACCCATCTCTCAAAAGTCGAATCTCTATCACTAGABZCAAGAACCAGTTCTTCCTGCAGTTGAATTCTGIT(

Reference VH TGAGGACACAGCCACTTATTACTGTGCACGTAACGACGAGAGGGEIIEBTT GGGGCCAAGGGACTCTGGTCACTGTC
VH-ABC_3a_M13F-20
VH-ABC_3d_M13F-20

VH-ABC_4e_M13F-20 [TGAGGACACAGCCACTTATTACTGTGCACGTAACGACGAGAGGGEIIEBTTGGGGCCAAGGGACTCTGGTCACTGTCTCTGC

Figure 3.8:  Humanization of residue 10 of VH fraspartic acid (GAC) to glycine (GGC). From the DNAquencing of 24
bacterial clones having humanized-pVH1A vectorsgditiones (VH-ABC_3a_M13F-20, VH-ABC_3d_M13F-2@an
VH-ABC _4e_M13F-20) had the desired DNA humanizatainresidue 10 (depicted in red box), comparedhio t

original mouse VH DNA sequence (Reference VH).
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Reference VH
VHA1-24_M13F-20
VHA1-1_M13F-20
VHA1-3_M13F-20

Reference VH
VHA1-24_M13F-20
VHA1-1_M13F-20
VHA1-3_M13F-20

Reference VH
VHA1-24_M13F-20
VHA1-1_M13F-20
VHA1-3_M13F-20

Reference VH
VHA1-24_M13F-20
VHA1-1_M13F-20
VHA1-3_M13F-20

Reference VH
VHA1-24_M13F-20
VHA1-1_M13F-20
VHA1-3_M13F-20

GATGTGCAGCTTCAGGAGTCAG G‘ =E ajetic
[TTGCCTAAAAGATGAGAGTGCTGATTCTTTTGTGCCTGTTCACAGCTIGTATCCTGTCTGATGTGCAGCTTCAGGAGTCAGGACZCTG

TTGCCTAAAAGATGAGAGTGCTGATTCTTTTGTGCCTGTTCACAGCTIGTATCCTGTCTGATGTGCAGCTTCAGGAGTCAGGACCTG
[TTGCCTAAAAGATGAGAGTGCTGATTCTTTTGTGCCTGTTCACAGCTIGTATCCTGTCTGATGTGCAGCTTCAGGAGTCAGGACCTG
I

GAAACCTTCT m CTTTCACTCACCTGCACTGTCACTGGCTACTCCATCACCAGTGCITBGBACTGGATCCGGCAGTTTCCAGGAA

GAAACCTTCT CAGACACTTTCACTCACCTGCACTGTCACTGGCTATNTCAGTGCTTATAACTGGCACTGGATCCGGCAGTTTCCAGG
GAAACCTTCT CAGACACTTTCACTCACCTGCACTGTCACTGGCTATNTIAGTGCTTATAACTGGCACTGGATCCGGCAGTTTCCAGG
GAAACCTTCT CAGACACTTTCACTCACCTGCACTGTCACTGGCTANTCAGTGCTTATAACTGGCACTGGATCCGGCAGTTTCCAGG

CTGGAATGGATGGGCTACATAAGCTACAATGGTACCACTAGCTATEACTCAAAAGTCGAATCTCTATCACTCGAGACACATCCAAGA

CTGGAATGGATGGGCTACATAAGCTACAATGGTACCACTAGCTATBACTCAAAAGTCGAATCTCTATCACTCGAGACACATCCAAGA

[TCTTCCTGCAGTTGAATTCTGTGACTACTGAGGACACAGCCACTTATGBBTGTAACGACGAGAGGGCCTGGTTTGCTTACTGGGGCY
TCTTCCTGCAGTTGAATTCTGTGACTACTGAGGACACAGCCACT TATGBBTGTAACGACGAGAGGGCCTGGTTTGCTTACTGGGGCH
[TCTTCCTGCAGTTGAATTCTGTGACTACTGAGGACACAGCCACTTATGBBTGTAACGACGAGAGGGCCTGGTTTGCTTACTGGGGCH
[TCTTCCTGCAGTTGAATTCTGTGACTACTGAGGACACAGCCACTTANGBBTGTAACGACGAGAGGGCCTGGTTTGCTTACTGGGGCH

Figure 3.9:

VH). Only 3 clones are shown (VHA1-1_M13F-20, VHA1M13F-20 and VHA1-24_M13F-20) in this diagram.

Humanization of residue 17 of VH frearine (TCA) to threonine (ACA). From the DNA seqcieg of 24 bacterial clones
having humanized-pVH2A vectors, eight clones haddésired DNA humanizations at residue 17 in aolditd residue 10

which was humanized previously (depicted in redds)xcompared to the original mouse VH DNA sequdReference
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Reference VH
VHA2-23_M13F-20
VHA2-17_M13F-20
VHA2-2_M13F-20

Reference VH
VHA2-23_M13F-20
VHA2-17_M13F-20
VHA2-2_M13F-20

Reference VH
VHA2-23_M13F-20
VHA2-17_M13F-20
VHA2-2_M13F-20

Reference VH
VHA2-23_M13F-20
VHA2-17_M13F-20
VHA2-2_M13F-20

GATGTGCAGCTTCAGGAGTCAG 3 ACTTTCACTCACCTGCACTGTCACTGGCTACTCCATCACCAGT(
GATGTGCAGCTTCAGGAGTCAG SACCTGGCCTGGTGAAAZCTT TOUAGACACACCTGCACTGTCACTGGCTACTCCATCACCAGT(
GATGTGCAGCTTCAGGAGTCAG SACCTGGCCTGGTGAAA ZCTT TOUAGACACACCTGCACTGTCACTGGCTACTCCATCACCAGT(
GATGTGCAGCTTCAGGAGTCAG SACCTGGCCTGGTGAAA ZCTT TOUAGACACACCTGCACTGTCACTGGCTACTCCATCACCAGT(

SACIG:GTGAAACCTTCT

ACTGGCACTGGATCCGGCAGTTTCC @ WBTGGAATGGATGGGCTACATAAGCTACAATGGTACCACTAGCTATBACTCAAAAGTY
ACTGGCACTGGATCCGGCAGTTTCCAGGANAAGGACTGGAATGEARFIBGGTTACAATGGTACCACTAGCTACAACCCATCTCTCAA
ACTGGCACTGGATCCGGCAGTTTCCAGGAHNAAGGACTGGAATGERIFGBAGTTACAATGGTACCACTAGCTACAACCCATCTCTCAA
ACTGGCACTGGATCCGGCAGTTTCCAGGANAAGGACTGGAATGARFIBEGTTACAATGGTACCACTAGCTACAACCCATCTCTCAA

AATCTCTATCACTCGAGACACATCCAAGAACCAGTTCTTCCTGCAEUTEGNASACTACTGAGGACACAGCCACTTATTACTGTGCACG

AATCTCTATCACTCGAGACACATCCAAGAACCAGTTCTTCCTGCATUIEBWVSACTACTGAGGACACAGCCACTTATTACTGTGCACG

GAGAGGGCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCAGUY
GAGAGGGCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCAGTATBLIAGCCG

GAGAGGGCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCAGBABLIIAIGCCQ

Figure 3.10:

Humanization of residues 44 and #%t9 from asparagine (AAC) to lysine (AAA) and frofgsine (AAA) to glycine
(GGA) respectively. From the DNA sequencing of 2€terial clones having humanized-pVH4A vectorshedaones had
the desired DNA humanizations at residue 44 andm&ddition to residues 10 and 17 which were hursghpreviously
(depicted in red boxes) compared to original motideDNA sequence (Reference VH). Only 3 clones (VHA2M13F-20,

VHA2-17_M13F-20 and VHA2-23_M13F-20) are shown.
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Reference VL GATGTTGTGATGACCCAGACTCCACT(

VLA1-8_M13F-20 CCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCTGGARMNOGBLGCGGTGATGTTGTGATGACCCAGACTCCAC
VLA1-2_M13F-20 CCATGAGGTCCCCTGCTCAGCTCCTGTTICTGTTAGTGCTCTGGARROGBAGCGGTGATGTTGTGATGACCCAGACTCCAC
VLA1-9_M13F-20 CCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCTGGARMNOGBACGGTGATGTTGTGATGACCCAGACTCCAC
Reference VL [TGTCGGTT @ 5GACAACCAGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTGIRATBCAAAGACATATTTGAATTGGTT!
VLA1-8_M13F-20 TGTCGGTTACCCTTGGACAACCAGCCTCCATCTCTTGCAAGTCABETIAIAAGATAGTGATGGAAAGACATATTTGAATTGG
VLA1-2_M13F-20 TGTCGGTTACCCTTGGACAACCAGCCTCCATCTCTTGCAAGTCABETIAIAAGATAGTGATGGAAAGACATATTTGAATTGG
VLA1-9_M13F-20 [TGTCGGTTACCCTTGGACAACCAGCCTCCATCTCTTGCAAGTCABETITAIAAGATAGTGATGGAAAGACATATTTGAATTGG
Reference VL CAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTAIABACTGGAGTCCCTGACAGATTCACTGGCAGTG
VLA1-8_M13F-20 CAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGIABACTGGAGTCCCTGACAGATTCACTGGCAGTG
VLA1-2_M13F-20 CAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGIABACTGGAGTCCCTGACAGATTCACTGGCAGTG
VLA1-9_M13F-20 CAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGIABACTGGAGTCCCTGACAGATTCACTGGCAGTG
Reference VL GGACAGATTTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTBEGNE GCTGGCAAGGAACACATTTTCCTCACACG
VLA1-8_M13F-20 GGACAGATTTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTIBEEAE GCTGGCAAGGAACACATTTTCCTCACACG
VLA1-2_M13F-20 GGACAGATTTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTITBEGNE GCTGGCAAGGAACACATTTTCCTCACACG
VLA1-9_M13F-20 GGACAGATTTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTIBEERE GCTGGCAAGGAACACATTTTCCTCACACG

Reference VL

VLA1-8_M13F-20
VLA1-2_M13F-20
VLA1-9 _M13F-20 GGGGGGACCAAGCTGGAAATAAAACGTAAGTCGACGCTAAGGGEAGBATROTIGGCGGCCGTTACTAGTGGATCCGAGCTCGGTAC(

Figure 3.11: Humanization of residue 15 of VL frasoleucine (ATT) to leucine (CTT). From the DNAgsencing of 24 bacterial
clones having humanized-pVL1A vectors, five clohad the desired DNA humanization at residue 15i¢tghin red box)
compared to original mouse VL DNA sequences (Refaev/L). Only 3 clones (VLA1-2_M13F-20, VLA1-8 M13FO

and VLA1-9 M13F-20) are shown.
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Reference VL

VLA2-10_M13F-20
VLA2-13_M13F-20
VLA2-14_M13F-20

Reference VL

VLA2-10_M13F-20
VLA2-13_M13F-20
VLA2-14_M13F-20

Reference VL

VLA2-10_M13F-20
VLA2-13_M13F-20
VLA2-14_M13F-20

Reference VL

VLA2-10_M13F-20
VLA2-13_M13F-20
VLA2-14_M13F-20

Reference VL

VLA2-10_M13F-20
VLA2-13_M13F-20
VLA2-14_M13F-20

GATGTTGTGATGACCCAGACTCCACT(
ATCCACCATIGAGGTCCCYTCGAGCTCCTGTTTCTGTTAGTGCTCTGGATTCGGGAAACCAACGGTESREGACCCAGACTCCACTCA

ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCUBRBEHWNAACCAACGGTGATGTTGTGATGACCCAGACTCCA

[TGTCGGTT M 5GACAACCAGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTGIGBATBGCAAAGACATATTTGAATTGGTTG
[TGTCGGTTACCCTTGGACAACCAGCCTCCATCTCTTGCAAGTCABETIAGAAGATAGTGATGGAAAGACATATTTGAATTGGT
[TGTCGGTTACCCTTGGACAACCAGCCTCCATCTCTTGCAAGTCABETIAGAAGATAGTGATGGAAAGACATATTTGAATTGGT
[TGTCGGTTACCCTTGGACAACCAGCCTCCATCTCTTGCAAGTCABETITAIAAGATAGTGATGGAAAGACATATTTGAATTGGT

AGAGGCCAGGCCAGTC % GCCTAATCTATCTGGTGTCTAAACTGGACTCTGGAGTCCCTGABAEATLAGTGGATCAGGGAC
AGAGGCCAGGCCAGTCTCCAAGGCGCCTAATCTATCTGGTGT CTAARCITEEAGTCCCTGACAGATTCACTGGCAGTGGATCAGG
AGAGGCCAGGCCAGTCTCCAAGGCGCCTAATCTATCTGGTGT CTAARCITEREAGTCCCTGACAGATTCACTGGCAGTGGATCAGG
AGAGGCCAGGCCAGTCTCCAAGGCGCCTAATCTATCTGGTGT CTAARCITEEAGTCCCTGACAGATTCACTGGCAGTGGATCAGG

[TTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTTHATGESCAAGGAACACATTTTICCTCACACGTTCGGAGGGH

[TTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTTIHATGSCAAGGAACACATTTTICCTCACACGTTCGGAGGGH
[TTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTHATESLCAAGGCAACACATTTTCCTCACACGTTCGGAGGGH

AGCTGGAAATAAAACGTAAGTCGACC R
AGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCAGOAGACTGETACTAGTGGATCCGAGCTCGGTACCAAGCTTGGC(
AGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCAGOBAGBCTGETACTAGTGGATCCGAGCTCGGTACCAAGCTTGGC(
AGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCAGCRAGACTGETACTAGTGGATCCGAGCTCGGTACCAAGCTTGGC(

Figure 3.12: Humanization of residue 50 of VL fréymine (AAG) to arginine (AGG). From the DNA sequing of 24 bacterial clones
having humanized-pVL2A vectors, six clones but oBlglones are shown (VLA2-10_M13F-20, VLA2-13_M126-and
VLA2-14 M13F-20) had the desired DNA humanizati@isresidue 50 in addition to residue 15 which wamanized

previously (depicted in red boxes) compared toimgignouse VL DNA sequences (Reference VL).
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Reference VL
VLA3-24_M13F-20
VLA3-8_M13F-20
VLA3-11_M13F-20

Reference VL
VLA3-24_M13F-20
VLA3-8_M13F-20
VLA3-11_M13F-20

Reference VL
VLA3-24_M13F-20
VLA3-8_M13F-20
VLA3-11_M13F-20

Reference VL
VLA3-24_M13F-20
VLA3-8_M13F-20
VLA3-11_M13F-20

Reference VL
VLA3-24_M13F-20
VLA3-8_M13F-20

GATGTTGTGATGACCCAGACTCC
ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCBEENAACCAACGGTGATGTTGTGATGACCCAGAC

ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCUBEHGBNAACCAACGCGTGATGTTGTGATGACCCAGAC

ACTTTGTCGGTI AA TGGACAACCAGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTIMGRATFICGAAAGACATATTTGAATTGG
ACTTTGTCGGTTACCC TGGACAACCAGCCTCCATCTCTTGCAAGRBWEICTCTTAGATAGTGATGGAAAGACATATTTGAATT(
ACTTTGTCGGTTACCC TGGACAACCAGCCTCCATCTCTTGCAAGRBWEICTCTTAGATAGTGATGGAAAGACATATTTGAATT(
ACTTTGTCGGTTACCCT TGGACAACCAGCCTCCATCTCTTGCAAGRBWEICTCTTAGATAGTGATGGAAAGACATATTTGAATT(

TACAGAGGCCAGGCCAGTC ﬁ SCCTAATCTATCTGGTGTCTAAACTGGACTCTGGAGTCCCTG, OIID FCAGTGGATCAGGG
[TACAGAGGCCAGGCCAGTC TCCAIC GGCGCCTAATCTATCTGGTGIEGFABRCTGGAGTCCCTGACAGATTCAGTGGCAGTGGATC
TACAGAGGCCAGGCCAGTCTCCAAGGCGCCTAATCTATCTGGTGIEIABACTGGAGTCCCTGACAGATTCAGTGGCAGTGGATC
[TACAGAGGCCAGGCCAGTCTCCAAGGCGCCTAATCTATCTGGTGIEFABACTGGAGTCCCTGACAGATTCAGTGGCAGTGGATC

GATTTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTGINIGGCAAGGAACACATTTTCCTCACACGTTCGGA
GATTTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTGINIGGCAAGGAACACATTTTCCTCACACGTTCGGA
GATTTCGCACTGAAAATCAGCGAGAGTGGAGGCTGAGGATTTGGCGAGTGIANIGGCAAGGAACACATTTTCCTCACACGTTCGGA
GATTTCGCACTGAAAATCAGGAGAGTGGAGGCTGAGGATTTGGGAGTGINIGGCAAGGAACACATTTTCCTCACACGTTCGGA

VLA3-11_M13F-20

CCAAGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCREEBGACCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTT(

Figure 3.13: Humanization of residue 68 of VL frémeonine (ACT) to serine (AGT). From the DNA sequing of 24 bacterial clones
having humanized-pVL3A vectors, six clones haddasired DNA humanizations at residue 68 in additmnesidues 15
and 50 which were humanized previously (depictedeid boxes), compared to original mouse VL DNA szme

(Reference VL). Only 3 clones (VLA3-8 M13F-20, VLA3 M13F-20 and VLA3-24 M13F-20) are shown.

90




For the expression of humanized heavy and lightinchef H1C2 mAb, two
monocistronic expression vectors were used. The4®9 expression vector (Figure
3.14) which contains the human IgG1 constant regisas used to express the heavy
chain of the mADb, while pAG4622 expression vecteiggre 3.15) which contains the

humank constant region was used to express the lighhatfainAb.

The cloning vectors; pVH4A and pVL3A which contahumanized VH4A and

humanized VL3A, respectively, were double-digestedsolate the humanized variable
regions. From the agarose gel electrophoresislesofFigure 3.16), two DNA bands
were obtained: bands of approximately 3.9 kb wigichresponded to the size of cloning
vector (pCR 2.1 TOPO), and bands which correspotméte size of humanized VH4A

(=500 bp) (Figure 3.16a) or humanized VL3A (~400 ¢fgure 3.16b).

Likewise, expression vectors: mouse-pAH4602 and sequAG4622 which initially
contained mouse VH and mouse VL, respectively, vgarelarly double-digested with
appropriate restriction enzymes (Figure 3.16). Tesulted in the detection of DNA
bands corresponding to the size of pAH4602 (~1bp(kigure 3.16a) and pAG4622
(~14.0 kb) (Figure 3.16b). The smaller band whiohresponded to mouse VH (~500

bp) (Figure 3.16a) and mouse VL (~400 bp) (FigudéB) were also detected.

Humanized VH4A and humanized VL3A fragments werentfigated into pAH4602
and pAG4622 vectors and named humanized-pAH4602Ahamanized-pAG4622A,
respectively. The detection of bands of approxitgat@.0 kb (Figure 3.17a) shows the
success of the ligation of humanized VH4A (~500 Wbp)pAH4602 (~11.5 kb).
Likewise, the detection of bands of approximatelydlkb (Figure 3.17a) also shows the

success of the ligation of humanized VL3A (~400 bp)pAG4622 (~14.0 kb). To
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increase the transfection efficiency of the expogssector into NSO mammalian cells,

both expression vectors were linearized by singjeddion (Figure 3.17b).
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Miul (10923)

Clal (10598)

Balll (10331)

BspEl (10197)

Munl (9248)

BamHI (9104)

Figure 3.14:

Pvul (13309)

Pstl (13183) EcoRI (2405)

EcoRI (3080)
Mdel (11871)

BamHI (3841)

4602 pAH
(11530 bp)

363

indlll (5613)
EcoRV (5679)

Sacl (5989)
Nhel (6100)

Agel (6204)

Eagl (7701)
sfil (7312)

Monocistronic expression vector pAba6or the expression of heavy

chain of antibody.
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BamHI {(12087)

EcoRI (17021)

EcoRl (B081)

Figure 3.15:

Hindlll (13999)

Bgill (13875) Avrll (16)
Kpni (13677)
Clal (12936 e
P
Pyul (2009)

EcoRl (2635)
|II|

\| Bam (3385)

4622 pAG
(13999 bp)
305

Hindlll {5152}
CoRV (5218)

BstEll (5347)
Kpnl (5394)

Sall (5617)

BstEll (5816)

EcoRl (7370) / BStEN (661Q), sg6s)

Hindlll {£2089)

Nhel (7745)

Monocistronic expression vector pA&AGor the expression of light

chain of antibody.
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Figure 3.16: Agarose gel electrophoresis pros of doubledigested recombina
cloning and expression \tors containing VH (a) and VL ). Double-
digestion o humanized-pVH4A (pVH4A) resulteth pCR2.1 vector
(~3.9 kb) and humanized VF~-500 bp) while that of mou-pAH4602
(M-pAH4602, resulted in pAH4602 vector 1.5 kb) and mouse V
(=500 bp). Likewisedouble-digestion of humanize®/L3A (pVL3A)
resultedin pCR2.1 vector3.9 kb) and humanized VL (400 bp) wh
that of mous-pAG4622 (M-pAG4622), resulted ipAG4622 vector
(14.0 kb) and mouse VL (400 b Supercoiled DNA ladder was us
(M).
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3.4.2.2 Logical approach method

Compared to deimmunization method, in logical appho method no additional
software was used to predict the immunogenic m@rgeC2 amino acids residues.
From IgBLAST analysis (section 3.2.2), it was foutitht 21 (Figure 3.5) and 11
(Figure 3.6) residues differed between mouse haadylight variable regions and their
respective homologous human VH and VL sequencesn fine IgBLAST analysis, the
frameworks that had the highest homology betweenamimouse VH and VL were

determined.

From the comparison (Figures 3.5 and 3.6), it veasd that framework 4 of both VH

and VL had 100% homology between mouse and humahl€T3.4a). Therefore no

further humanization was performed in these franmr&s:aHence, the frameworks with
the second highest degree of homology were chasdmumanization. As seen in Table
3.4a, for VH, framework 1 (75.9%) and for VL, framark 3 (87.8%) had the second
highest degree of homology. Due to the high degfeeomology between mouse and
human residues, it was felt that humanization es¢hframeworks would least likely to

affect the functionality of H2C2 mAb.

97



Table 3.4: Comparison of percentage homology beatwesuse and human
framework regions (a) and percentage of mismatcmedise-human
residues on VH (b) and VL (c) of anti-C2 monocloaatibody obtained
using IgBLAST. The mismatched mouse-human residwesre
humanized with the corresponding residues thatpagsent in at least

90% of all the human residues analyzed (

a)
Percentage homology (%)
Frameworks VH VL
1 75.9 82.0
2 71.0 80.0
3 67.7 87.8
4 100.0 100.0
b) C)
Framework 1-VH Framework 3-VL
Mlsmgtche Mouse Human (%) Mlsmgtcha Mouse Human (%)
residue residue
*10 D G (91.2) *68 T S (100.0)
T (6.8)
VvV (1.0) *81 R S (90.3)
I (1.0) G (5.89)
C (1.9
16 Q E (44.7) R (1.0)
Q (29.1) N (1.0)
R (14.6)
D (6.8) 88 L F (64.1
G (4.8) V (24.3)
E (5.8)
17 S T(85.4 A (2.9
S (14.6) I (1.9
T (1.0)
25 T S (86.4)
Y (12.6)

T (1.0)
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Using logical approach method to further minimizAR within each framework, the
mismatched residues was humanized only if the sparding human amino acid was
present in at least 90% of all the homologous huweable regions analyzed. In
framework 1 of VH, seven mismatched mouse-humaiduwes were present (Figure
3.18), however three of the residues (27-Y, 29d &0-T) are located in the vernier

zone and were not considered for humanization €rata).

Hence, from the analysis of the remaining four naisthed mouse-human residues,
(Table 3.4b), only aspartic acid at residue 10 wageted for substitution to the
corresponding human amino acid, glycine, whichhes most abundant (91.2%) on the
human framework. Coincidently, this residue waso dsimanized to serine in the
deimmunization method. The other three mouse resiql6-Q, 17-S and 25-T) were
not humanized because the corresponding human aamide were present at less than

90% frequency (Table 3.4b).

Similarly, four mismatched mouse-human residuesvieund in the framework 3 of
VL (Figure 3.19). However, mismatched residue 7%wAs not humanized as it is
located in the vernier zone (Table 3.2), whiledasi 88-L was not humanized because
corresponding human amino acids were present wih than 90% frequency (Table
3.4c). Therefore the remaining two of the mismatchesidues, 68 (threonine) and 81
(arginine) in mouse, were substituted with the egponding most abundant amino acid
in the human framework, i.e. serine (100%) and nger{90.3%), respectively.
Coincidently, the residue 68 was also humanizedsdnne in the deimmunization

method.
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T 10-------------- FWRL---------- 20- - oo 30>
Mouse codon V QL Q ES GP|DIL VKPSQSL SLTC CTUVTSGYSI T
Mouse DNA ---GTGCAGCTTCAGGAGTCAGGALCTIGACCTGGTGAAACCTTCTCAGTCACTCACCTGCACTGTCACTGGCTACTCCATCACC
Hurman codon VvV QL Q ES G P|IGJL VKPSET L SLTCTVS GG S VS
Hurmman DNA CAG. ....... G....... G.C.AGA ....... G....GG.AC.G.C........... LT TEG .. G L. G
S CDR1------ ><--- - - - - 40-------- FWR2- - - - mm o em e - - I CDR2--------- 60-
Mouse codon S AY NWHWI RQFWP GNKLIEWMGYI SYNGTTSY
Mouse DNA AGTGCTTATAACT GGCACT GGAT CCGGCAGT TTCCAGGAAACAAACT GGAAT GGATGGGCTACATAAGCTACAATGGTACCACTAGCTAC
Hurman codon Wl R QP P GKG L E WI G
Humen DNA CCcC..... G.GG .. ... G T..G
---------------- i A0 B o 1 2 R - | L T * O E
Mouse codon NP SL KSR RI S1 TRDTSIKNOQQFFULQLNSVTTED
Mouse DNA AACCCATCTCTCAAAAGT CGAATCTCTATCACT CGAGACACATCCAAGAACCAGT TCTTCCTGCAGT TGAATTCTGTGACTACTGAGGAC
Hurman codon R VT I SV DTSKNIQFSLIKULSSVTAA D
Human DNA G.A C .AT.AGT...... G............... C A.C..CC....... CG..C
---------------------- ><---100------CDR3----------><-----110----FW------------>
Mouse codon T A TYYCARNUDUERAWFAYWGOQGTULV TV S
Mouse DNA ACAGCCACTTATTACTGTGCACGTAACGACGAGAGGGCCTGGT TTGCT TACTGGGECCAAGGGACTCTGGTCACTGICTC
Hurman codon T A VY Y CAR WG Q GTUL V T V S
Human DNA LG L GTG L e

Figure 3.18: Profile of DNA and amino acid sequergomparison between mouse and human VH. From fvankel, (FWR1-underlined), only

one residue (in red box) was humanized.
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R 10-------------- FWRL---------- 20--------- D R 30-
Mouse codon DVVMTOQTWPLTULSVTI GQPASI S CKSSQSULL
Mouse DNA GATGT TGTGATGACCCAGACTCCACTCACTTTGTI CGGT TACCATTGGACAACCAGCCT CCATCTCTTGCAAGT CAAGT CAGAGCCTCTTA
Hurman codon DVVMTOQSWPL SLUPVTLGOQPASI SC
Human DNA o T..T........ T.CC..C.C.C..C...... G.G.......... C
------- CDR1---------------><40-----------FWR2-------------50-----------><----CDR2------60>
Mouse codon D S DGIKTYULNWLULIOQORPGOQSUPIKRLI YL VS K LD
Mouse DNA G ATAGTGATGGAAAGACATATTTGAAT TGGT TGT TACAGAGGCCAGGCCAGT CTCCAAAGCGCCTAATCTATCTGGT GTCTAAACT GGAC
Human codon WFQ QRPGQSPRIRL I Y
Human DNA LTCAG . A ... ... G........ T
e P4 R FWR3- - ------ R 90-
Mouse codon S GV PDRF|T|IG S GS GTIDUFA AL KI|IRIRV EAET DUL GV
Mouse DNA TCTGGAGTCCCTGACAGATTAACTGGCAGTGGATCAGGGACAGAOTTUASM CAGGAGAGTGGAGGCTGAGGATTTGGGAGTT
Hurman codon S GV PDRF|SIGS GS GTDUFTULIKI|SIRVEAETDVGV
Humen DNA - ... .. G Ao CCo....... G C.T...... Ao C.G.............. GT..G
-------- ><-----CDR3--------100-----><------FWl- - - - - - - - - - - >
Mouse codon Y Y CWQGTHFPHTUFGG GG GT K L
Mouse DNA TATTATTGO GGCAAGGAACACATTTTCCTCACACGT TCCGAGGGGEGGACCAAGCTGGA
Hurman codon Y Y C F G G G T K L
Human DNA - ... Co..

Figure 3.19: Profile of DNA and amino acid sequeocmparison between mouse and human VL. From manke3, (FWR3-underlined), only two

residues (in red boxes) were humanized.
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Just like the humanization in the deimmunizationthmod, the conversion from the
mouse amino acid to homologous human residue totdpical approach method was
performed using overlapping-PCR mutagenesis witidasigned mutagenic primers.
Mutagenic primers that have the DNA mutation thadecfor the corresponding human
codons that require the least number of nucleosdestitution was chosen, as
summarized in Table 3.5. Since the proposed hurataizfor mouse VH was the same
as performed in deimmunization method, thereforadmized-VH1A vectors were used

directly as humanized-VH1B without additional machtions.

For the development of humanized-pVL2B, the first sof overlapping-PCR
mutagenesis was performed to develop humanized-BVidr the conversion of
threonine (ACT) to serine (AGT) at residue 68 dsstrated in Figure 3.20. The
humanized-pVL1B vector was then used as a tempiatethe development of
humanized-pVL2B for the conversion of arginine (A3G serine (AGC) at residue 81
(Figure 3.21). Humanized VH1B and humanized VL2Breveahen ligated into
pAH4602 (containing human IgG1 constant regions) pAG4622 (containing human
Kk constant region) and the resulting vectors; hurehpAH4602B and humanized-

pAG4622B were used for heavy and light chain exgoes respectively.
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Table 3.5: Humanization of mismatched mouse-humesidue to its homologous
human residue using logical approach method. Thginat codon that
codes for mouse residues were substituted with hilm@an codon that

required the least nucleotide substitution (unded)

Residue  Mouse amino acid Human amino acid Possible human codons

10 (D)-VH Aspartic acid (GAC) Glycine (G) GGT, GGG GGA, GGG

68 (T)-VL Threonine (ACT) Serine (S) TCT, TCC, TCA, TCG,
AGT, AGC

81 (R)-VL Arginine (AGG) Serine (S) TCT, TCC, TCA, TCG,

AGT, AGC
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Reference VL

VL-68 B4b_M13F-20
VL-68 B6b_M13F-20
VL-68 B8b_M13F-20

GATGTTGTGATGACCCAGACTCCAC
ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCREERMNAACCAACGGTGATGTTGTGATGACCCAGACTC(
ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCUBEGBNAACCAACCGTGATGTTGTGATGACCCAGACTC(
ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCUBEBNAACCAACCGTGATGTTGTGATGACCCAGACTC(C

Reference VL

VL-68 B4b_M13F-20
VL-68 B6b_M13F-20
VL-68 B8b_M13F-20

TTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGCTCANGTICACTTAGATAGTGATGGAAAGACATATTTGAATTG(
[TTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGCTCANGTICACTTAGATAGTGATGGAAAGACATATTTGAATTG(
TTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGCTCANGTICRACTTAGATAGTGATGGAAAGACATATTTGAATTG(
[TTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGTCANGTCRACTTAGATAGTGATGGAAAGACATATTTGAATTG(

Reference VL ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGGABACTGGAGTCCCTGACA( SAO TGGCAG TGGATCAGGGA
VL-68_B4b_M13F-20__ ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGGABACTGGAGTCCCTGACAGATTCAGTGGCAGTGGATCA
VL-68_B6b_M13F-20__ ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGGABACTGGAGTCCCTGACAGATTCAGTGGCAGTGGATCA
VL-68_B8b_M13F-20__ ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGGABACTGGAGTCCCTGACAGATTCAGTGGCAGTGGATCA

Reference VL ATTTCACACTGAAAATCAGCAGAGT GGAGGCTGAGGAT TTGGGASTTGAT GGCAAGGAACACAT TTTCCTCACACGTTCGGAG
VL-68_B4b_M13F-20__
VL-68_B6b_M13F-20____
VL-68_B8b_M13F-20____

Reference VL
VL-68_B4b_M13F-20
VL-68_B6b_M13F-20

CCAAGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCRGEBGRCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTG
CCAAGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCRGEBGRCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTG
VL-68_B8b_M13F-20 CCAAGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCRGEBGRCCGTTACTAGTGGCGATCCGAGCTCGGTACCAAGCTTG

Figure 3.20: Humanization of residue 68 of VL frammeonine (ACT) to serine (AGT). From the DNA seqguaing of 24 bacterial clones
having humanized-pVL1B vectors, three clones (VLB8b M13F-20, VL-68 B6b_M13F-20 and VL-68 B6b_M126},
had the desired DNA humanizations at residue 6@i¢ted in red boxes) compared to original mouse DA sequence

(Reference VL).
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Reference VL

VL-6881_B3e M13F-20_
VL-6881 Ble M13F-20
VL-6881 B2a M13F-20

GATGTTGTGATGACCCAGACTCCAC
ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCLEGBNAACCAACGCGTGATGTTGTGATGACCCAGACTC(
ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCGEESINAACCAACCGTGATGTTGTGATGACCCAGACTC(
ATCCACCATGAGGTCCCCTGCTCAGCTCCTGTTTCTGTTAGTGCTCTEGNAACCAACCGTGATGTTGTGATGACCCAGACTC(C

Reference VL

VL-6881 B3e M13F-20
VL-6881 Ble M13F-20
VL-6881 B2a M13F-20

TTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGCTCANGTCRACTTAGATAGTGATGGAAAGACATATTTGAATTG(
[TTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGTCANGTCACTTAGATAGTGATGGAAAGACATATTTGAATTG(
TTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGCTCANGTCRACTTAGATAGTGATGGAAAGACATATTTGAATTG(
[TTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGTCANGTCRACTTAGATAGTGATGGAAAGACATATTTGAATTG(

Reference VL ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGGABACTGGAGTCCCTGACAGATGSCAGTGGATCAGGGA
VL-6881 B3e M13F-20__ ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGGABACTGGAGTCCCTGACASATTCAGTGGCAGTGGATCA
VL-6881 Ble M13F-20__ ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGGABACTGGAGTCCCTGACASATTICAGTGGCAGTGGATCA
VL-6881_B2a_M13F-20__ ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTGGABACTGGAGTCCCTGACASATTCAGTGGCAGTGGATCA

Reference VL ATTTCGCACTGAAAA @ AGTGGAGGCTGAGGATTTGGGAGTTTATTATTGCTGGCAAGGRAATIAACACGTTCGGAGGG(
VL-6881 B3e M13F-20__ ATTTCGCACTGAAAATCAG CAGAGTGGAGGCTGAGGATTTGGGAUNIABTEGCAAGGAACACATTTTCCTCACACGTTCGGAG
VL-6881 Ble M13F-20__ ATTTCGCACTGAAAATCAG CAGAGTGGAGGCTGAGGATTTGGGANIMTIABTEGCAAGGAACACATTTTCCTCACACGTTCGGAG
VL-6881 B2a_M13F-20__ ATTTCGCACTGAAAATCAGCAGAGTGGAGGCTGAGGATTTGGGAUTIABTEGCAAGGAACACATTTTICCTCACACGTTCGGAG

Reference VL CCAAGCTGGAAATAAAACGTAAGTCGAC S
VL-6881_B3e_M13F-20__ CCAAGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCRGEBGRCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTG
VL-6881 Ble M13F-20__ CCAAGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCRGEBGRCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTG
CCAAGCTGGAAATAAAACGTAAGTCGACGCTAAGGGCGAATTCCRGEBGRCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTG

VL-6881_B2a_M13F-20

Figure 3.21: Humanization of residue 81 of VL frarginine (AGG) to serine (AGC). From the DNA seaqgiaeg of 24 bacterial clones
having humanized-pVL2B vectors, five clones, hael desired DNA humanization at 81 in addition tades 68 which were
humanized previously (depicted in red boxes) coegbao original VL DNA sequence (Reference VL). OBlylones (VL-

6881 _Ble M13F-20, VL-6881_B2a_M13F-20 and VL-6882aBVI13F-20) are shown.
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3.5 CONCLUSION

In summary, monocistronic vectors for the exprassibtwo humanized anti-C2 mAb;
H1C2 (humanized-pAH4602A & humanized-pAG4622A) aH@C2 (humanized-
pAH4602B & humanized-pAG4622B) mAbs had been dguedbusing recombinant
DNA technologies. The H1C2 mAb was developed usidegmmunization method
while that of H2C2 mAb using logical approach methim both methods, the predicted
immunogenic mouse amino acid residues were sutestitio its corresponding human

resides using overlapping-PCR mutagenesis.
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