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Abstract

Therapeutic monoclonal antibodies (mAbs) are target-specific proteins used for patients especially suffering from cancer, autoim-
mune, and inflammatory diseases. Due to the success rate of the mAbs, they are the fastest-growing sector in the biopharmaceutical 
industry. To be used for the therapeutic purposes, the monoclonal antibodies have to be high purity. A variety of different down-
stream technologies have recently been evolved to provide high quality monoclonal antibody and biosimilar development with low 
cost in a shorter time. Recent advancements of high-throughput process (HTP) technology are employed for process development for 
saving time, investment, and cost. HTP allows running large number of experiments in a minimal scale. Incorporation of HTP technol-
ogy with Design of Experiment (DoE) is systematic integration for effective and rapid screening of optimum experimental conditions.

Development of purification process for mAbs requires the consideration of many different parameters including removal of im-
purities and ready availability of raw materials for large-scale production. In this study, a downstream process was developed for one 
of the best-selling biosimilar mAb (TUR02) coupling HTP technology with DoE tools. TUR02 is an IgG1 which has a high tendency to 
aggregate. In order to develop Protein A chromatography, firstly appropriate elution buffer had been selected using micro-volume 
columns. Large range of parameters were screened as buffer type (acetic acid, citric acid, sodium acetate), the concentration of buffer 
(10 mM-150 mM), and three different Protein A resins. Citric acid (10mM) at pH 3.5 was chosen as suitable elution buffer. A resin 
with base matrix of methacrylic polymer was chosen from the HTP study and a lab scale experiment with 1 ml column was done to 
prove the success of the scalability of the HTP technology. After Protein A chromatography, HTP technology was applied to cation 
exchange chromatography to screen different conditions to be able to further decrease the impurity level. Flow through with over-
loading mode was followed with the cation exchange screening. Concentration of sodium phosphate-based buffer (10 mM – 50 mM), 
working pH and comparison of strong and weak cation exchange resin were screened by coupling HTP technology and DoE tools. 
Strong cation exchange resin, 38 mM sodium phosphate and pH 4.5 were selected due to its impurity reduction strength. Scalability 
of the process was successfully proven using 1 ml pre-packed column. With these conditions, the aggregate and HCP levels were 0.52 
and 612 and 0.32 and 234 for 0.1 ml and 1 ml columns, respectively. 
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Abbreviations

CEX: Cation Exchange; CV: Column Volume; DoE: Design of Experi-
ment; DSP: Downstream Process; DBC: Dynamic Binding Capac-
ity; FDA: Food and Drug Administration; FPLC: Fast Protein Liquid 
Chromatography; HTP: High-throughput; HTPD: High-throughput 
Process Development; HMW: High Molecular Weight; HCPs: Host 
Cell Proteins; ICH: The International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for Human Use; LMW: 
Low Molecular Weight; IgG: Immunoglobulin G; mAbs: Monoclo-
nal Antibodies; PAT: Process Analytical Technology; PA: Protein A; 
rDNA: Residual DNA; rPA: Residual Protein A.

Introduction

Mammalian cells are the production horses of the monoclonal 
antibodies (mAbs) for biopharmaceutical applications. For thera-
peutic usage, high purity of mAbs has to be achieved which re-
quires an extensive downstream process (DSP) development and 
optimization. A mAb purification platform consists of many opera-
tions such as filtration or centrifugation and the sequence of differ-
ent chromatography methods. Chromatography is the backbone of 
DSP to reduce the level of impurities down to the acceptable levels 
to ensure product safety and effectiveness. Especially for biosimi-
lars, DSP becomes very important to provide the critical quality 
attributes of the drug product. Efficient DSP is desired to control 
the product related impurities such as aggregates to meet the in-
novator specifications [1] as well as and process related impurities 
such as host cell proteins (HCPs), and residual Protein A (rPA) to 
meet the regulatory guidelines. Therefore, both modelling and de-
velopment stages of DSP are crucial for the development of highly 
biosimilar mAb-drug.

There are a large number of parameters such as pH, loading 
quantity, and resin type which have significant effect on chromatog-
raphy performance. In addition to chromatography performance, 
these parameters can also influence the yield and purity of the 
mAb [2]. Therefore, a large numbers of experiments have to be per-
formed at lab-scale to find optimum operation parameters which 
also requires large amount of material. Lab-scale experiments in 
the Fast Protein Liquid Chromatography (FPLC) systems also take 
very long times to screen large number of parameters. One of the 
key emerging technologies for purification can be achieved by tech-
nological platforms based on high-throughput (HTP) technology. 

Through the combination of this micro-scale format together with 
design of experiment (DoE) tools and the analytical measurement 
techniques can be central to the development and optimization [3]. 
While DoE offers screening, optimization and robust parameter 
design [4], HTP technology consisting of pre-packed micro-volume 
columns provides a large number of parameters to be screened in 
a shorter period. In this case, lab-scale chromatography can only be 
used for confirmation studies. High-throughput process develop-
ment (HTPD) provides screening all DSP parameters as working 
pH, buffer type, loading concentration and resin type in a short-
er time period. HTPD is highly encouraged also by FDA, process 
analytical technology (PAT) and ICH guidelines since this innova-
tive development can lead to a quality-controlled manufacturing. 
In biosimilar development, HTPD becomes even more important 
to provide the critical quality attributes of the selected biosimilar 
mAb. 

Protein A chromatography is the most commonly used capture 
step in mAb purification processes. It is the best choice for the first 
step due to high selectivity to the mAbs and it can provide purity of 
typically >95% with high yield. Protein A resins are basis of all mAb 
purification as they are easy to use at both small and large scale 
with optimized protocols [5] therefore, they are the backbone of 
many commercial purification processes [6].

The first Protein A resin from Staphylococcus aureus was pro-
duced in 1975. All Protein A ligands whether they are native or 
recombinant Protein, they specifically bind to the Fc region of the 
IgG [7,8]. Both native and recombinant Protein A share the same 
principle of specificity for Fc region of IgG, but recombinant Pro-
tein A has higher binding capacity due to active single point cou-
pling for Fc region of IgG [7]. Recombinant Protein A is generally 
expressed in Escherichia coli in order to allow for the production of 
large quantities. Protein A ligands are coupled with base matrix to 
be used as affinity column in purification processes [5]. 

As being an affinity column, Protein A chromatography is an es-
sential and highly expensive step in mAb purification. Due to the 
presence of a large variety of mAbs in development and manufac-
turing stages, there is increased variety of Protein A resins in the 
market. Appropriate Protein A selection is challenging process in 
mAb production since it is economically important to provide high 
yield in the purification step in the market. There are many types of 
Protein A resin matrices such as highly cross-linked cellulose and 
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agarose, controlled pore glass and polymer-based matrices. Highly 
cross-linked matrices provide the pressure stability of the column 
during the loading of supernatant [12]. Polymer-based resins give 
the better process yield with the sharper elution profiles [13]. 
These features can also vary depending on mAb properties.

Protein A chromatography as a first step can provide the re-
moval of aggregates, host cell proteins (HCP) and host cell DNAs 
(rDNA). Host cell proteins (HCPs) are the main process related 
impurities which may have immune reactions in the patients [14]. 
Host cell proteins can depend on the mammalian cells used in the 
process as well as the cell culture process itself. Due to the continu-
ous improvement of the upstream processes aiming to push titer 
higher may lead to higher cell numbers which can cause increase 
in the HCPs and problems in the downstream applications. Protein 
A chromatography is useful to reduce HCPs due to the Protein A 
ligand specificity for the Fc region of the mAb with around 95% pu-
rity [15]. Although, Protein A resin wash is the significant of HCPs 
clearance after loading, optimization of this is not straightforward 
as it involves different types of interaction [16]. Therefore, addition 
of polishing chromatography steps is required to allow the reduc-
tion of HCPs, rDNAs and aggregates. Residual Protein A (rPA) which 
leaches from the Protein A columns is another process-related im-
purity which needs to be removed for the patient safety and this 
can be reduced in polishing steps like cation exchange (CEX) or an-
ion exchange (AEX) chromatography.

Cation exchange (CEX) chromatography is an established unit 
operation in purification of mAbs. Due to its high selectivity for im-
purities, scalability and robustness, CEX chromatography is used 
as a part of the polishing step in many processes [17]. Cation ex-
change resin is made of negatively charged particles. CEX is gener-
ally employed to reduce the level of HCPs and mAb aggregation [9].

Protein Aggregation was first observed in the Lumry-Eyring 
model and it was the most common impurity during mAb-drug 
like development. Aggregates can be described in different ways 
including soluble/insoluble, covalent/non-covalent, native/dena-
tured and reversible/non-reversible [18]. The presence of mAb 
aggregates risk in terms of generation immune responses to the 
mAb-drug product [19].

Low pH condition after the Protein A chromatography generally 
shows the form of aggregation in the pool due to the low pH expo-
sure [20,21]. Like mAb aggregates, residual DNA (rDNA) which is 
derived from a cell culture process is monitored in order to ensure 
drug purity and safety [22]. The following chromatography steps 

like CEX and AEX chromatographies can support to remove of mAb 
aggregates and rDNA.

There are two types of cation exchangers: strong and weak. The 
difference between weak and strong cation exchangers differ from 
the functional groups of the resin (hydroxyl. methyl. carboxyl and 
sulfhydryl) and the capacity of working pH range. The principle of 
strong exchangers is to work independently of pH. On the other 
hand, weak exchangers are pH-dependent and working range of 
pH depends on resin capacity [23]. Selection of operation of load-
ing strategies for CEX chromatography depends on the isoelectric 
point of the protein to be purified. Isoelectric point (pI) is the pH 
at which the protein has no net charge and it shows the property 
of electric field of the protein. The pI value can be estimated using 
the primary sequence of the protein. A protein will be negatively 
charged at pH values higher than the pI of a protein; conversely, it 
will be positively charged at pH values lower than the pI [24]. CEX 
chromatography can be operated in two ways; flow-through mode 
and bind-elute mode. In flow-through mode, which is used in this 
study, the target protein does not bind to the resin, whereas the im-
purities are captured. Weakly bound proteins are collected in wash 
step to increase yield. The impurities appear to bind stronger than 
the protein when flow-through mode is operated with overloading. 
Therefore, the usage of flow-through mode depends on both load-
ing amount and pI of the mAb. High flow can also provide high yield 
and decreased process time. Design and optimization of CEX chro-
matography depends on the operating conditions such as working 
pH, ionic strength of the buffer and properties of the resin [9,10]. 
These are the parameters which can provide removal of HCPs, 
rDNA, rPA and mAb aggregates.

This work aimed to develop a scalable high throughput chro-
matography technique for development of biosimilar mAb TUR02. 
TUR02 is one of the most used mAbs in cancer indication which 
have high tendency to aggregate. The biosimilar production of this 
IgG1 molecule has a worldwide importance to achieve the more 
economical delivery to the patients. In this work, both Protein A 
and CEX chromatography are extensively studied. Firstly, HTPD is 
coupled with DoE tools to find the best elution buffer for Protein 
A chromatography. Using Protein A pool, cation exchange HTPD 
screening was applied to achieve highest impurity removal. Se-
lected conditions were transferred to large scale chromatography 
column for confirmation of the process and to show the success of 
the removal of impurities like HCPs, rPA and mAb aggregates. The 
general concept of the HTPD platform used in this study is given 
in figure 1. 
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Figure 1: The general concept of HTPD applied in this study.

Materials and Methods

Information of Protein A resins 

The properties of resins used in this study are shown in table 1. 
Each Protein A resin has different base matrix to understand effect 
of any types of elution buffer.

Resin Number Base Matrix Protein A Ligand
R1 Methacrylic Polymer Recombinant Protein A (Escherichia coli)
R2 High-Flow Agarose Beads Recombinant Protein A ( Escherichia coli)
R3 Controlled Pore Glass Recombinant Native Protein A

Table 1: Information regarding to the three different types of Protein A resins.

Determination of suitable elution buffer with high-through-
put technology 

The biosimilar monoclonal antibody TUR02 was initially pro-
duced in 3 L bioreactors and clarified with filtration. In order to 
find appropriate elution buffer as a first step, HTP technology was 

Determination of dynamic binding capacity (DBC) of Protein A 
chromatography runs

DBC of each column was performed by CHO supernatant with 
three minutes of residence time. With the mAb flowing through on 
the column, increase in the UV signal was recognized and the pro-
tein concentration of the fractions around this signal was analyzed 
by Biacore-T200 for the DBC. Until the fraction concentration was 
less than 0.1 mg/ml, the total volume of fractions was determined 
as the maximum volume bounded the column. The collected vol-
ume was multiplied by CHO supernatant concentration to deter-
mine DBC. 

coupled with DoE tools. Experiment template was designed with 
Design Expert Software 12 (Stat-Ease. Inc., Minneapolis. MN). A 
100µl (0.5 cm x 0.5 cm) OPUS® PipetColumns (Repligen Corpora-
tion) were used for screening with electronic Multipipette® E3x 
(Eppendorf). Pipet columns containing three different Protein A 
resins R1, R2 and R3 were used for elution buffer screening. Fac-
tors entered in the software were elution buffer type with acetic 
acid, citric acid and sodium acetate, elution buffer concentration 
(10 mM-150 mM), pH (3 - 3.8), and three different resin types. Re-
sponses were set as HCPs and aggregation and linear model was 
selected in the DoE software. 
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Equilibration buffer was 30 mM citrate, 150 mM NaCl of pH 7 at 
5 column volume (CV) for all columns. Post load wash was applied 
with 30mM citrate, 1 M NaCl of pH 7 and 10mM Citrate of pH 7 at 5 
CV, respectively. The bound mAb was eluted by 10mM citric acid of 
pH 3.5 at 7 CV which was determined by HTPD technology.

Cation exchange resin screening with high-throughput tech-
nology

Experimental template was designed with Design Expert Soft-
ware 12 (Stat-Ease. Inc., Minneapolis. MN). 100µl (0.5 cm x 0.5 
cm) OPUS® PipetColumns (Repligen Corporation) were used for 
screening with electronic Multipipette® E3x (Eppendorf). Two dif-
ferent CEX resin types were used; strong and weak. Linear model 
with L-Optimal was selected in the software. Factors entered in 
Design Expert Software 12 (Stat-Ease. Inc., Minneapolis. MN) were 
concentration of equilibration/wash buffer which is between 10 
mM-50 mM sodium phosphate, pH which is between 4 - 5, and two 
different resin types. Responses in this study were HCPs and ag-
gregation.

Resins were regenerated with 2 M NaCl at 5 CV and equilibrated 
with using design layout pH and ionic strength at 8 CV. Loading was 
done at flow-through mode at a concentration of 300 mg protein 
purified from Protein A column. After loading, column was applied 
at 1 CV. Confirmation runs were done with the Äkta Avant 25 from 
Cytiva was used with selected 1 ml CEX column. The column regen-
eration was applied with 2 M NaCl at 5 CV. Equilibration buffer was 
20 mM sodium phosphate pH 4.5 at 5 CV which was determined by 
HTPD technology. Post load wash was applied with the equilibra-
tion buffer at 1 CV.

Analytical characterization

ELISA was performed by manufacturers’ protocols used for the 
quantification of CHO HCP (#F550) and rPA (#F600) from Cygnus 
Technologies. The analysis of aggregates and fragments were per-
formed by Waters BEHSEC200 SEC column using Waters SEC-UPLC. 
The concentration of mAb was determined by the NanodropTM One 
Microvolume UV-Vis Spectrophotometer. Biacore-T200 was used 
for measurement of protein concentrations for DBC calculation.

Results and Discussion
In this study, firstly, HTPD technology was coupled with DoE 

tools to find an appropriate elution buffer for Protein A chroma-

tography. Screened process related parameters were buffer type 
(acetic acid, citric acid, sodium acetate), the concentration of buffer 
(10 mM -150 mM), pH (3-3.8) and three different Protein A resins. 
After finding out the optimum condition which provides the low-
est aggregate and HCP, material for CEX was prepared and HTPD 
technology was again coupled with DoE tools for cation exchange 
resin screening. Conditions like the concentration of flow-through 
sodium phosphate-based buffer (10 mM - 50 mM), working pH 
and comparison of strong and weak cation exchange resin were 
screened. After finding suitable parameters for CEX, scale-up strat-
egy was performed with 1 ml prepacked CEX resin.

Determination of suitable elution buffer with high-through-
put technology 

In order to find the most appropriate elution buffer providing 
the highest yield and lowest impurities, following conditions given 
in table 2, were run in 0.1 ml Protein A resin columns. Linear model 
was applied and a total of 41 experiments were run and analysis 
was carried out through Analysis of Variance (ANOVA) in Design 
Expert software. The titer of the biosimilar mAb TUR02 in the 
clarified CHO supernatant was 2.5 mg/ml and the HCP content was 
513575 ppm.

Elution from the Protein A resin was carried out using a low 
pH buffer since low pH directly affect the binding sites reducing 
the affinity. In Protein A chromatography, the binding region of 
mAb faces histidyl residues of Protein A ligand. When low pH val-
ues (between pH 3 and 4) are used in the elution step [8], due to 
the positive charge on the histidyl residues, a weak hydrophobic 
interaction between Protein A ligand and mAb occurs providing 
a successful elution [23]. However, low pH can induce the Protein 
Aggregation which can cause problems in the yield and quality [8]. 
In addition to pH, the elution buffer type and ionic strength have 
major importance to get higher yields of mAbs [9] since the inter-
action between a mAb and Protein A ligand depends on the specific 
ionic charge, hydrogen or hydrophobic bond [10]. Typically, sodi-
um citrate, arginine or glycine-HCl are used for Protein A elution 
buffer [8,10,11]. 

Low pH principle is the most commonly used way to elute the 
mAb from the resin. During the screening of elution conditions, pH 
range was kept narrow on purpose to find the best elution condi-
tion that is suitable for the base matrix and Protein A ligand [18]. 
For this molecule, the results showed that buffer type has more af-
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Resin Number Elution Buffer Condition Resin Number Elution Buffer Condition
R1 10mM Acetic Acid pH 3 R1 150mM Acetic Acid pH 3.8
R3 10mM Acetic Acid pH 3 R3 150mM Acetic Acid pH 3.8
R2 10mM Acetic Acid pH 3 R2 150mM Acetic Acid pH 3.8
R1 10mM Acetic Acid pH 3.8 R1 150mM Citric Acid pH 3
R3 10mM Acetic Acid pH 3.8 R3 150mM Citric Acid pH 3
R2 10mM Acetic Acid pH 3.8 R2 150mM Citric Acid pH 3
R1 10mM Citric Acid pH 3 R1 150mM Citric Acid pH 3.8
R3 10mM Citric Acid pH 3 R3 150mM Citric Acid pH 3.8
R2 10mM Citric Acid pH 3 R2 150mM Citric Acid pH 3.8
R1 10mM Citric Acid pH 3.8 R1 150mM Sodium Acetate pH 3
R3 10mM Citric Acid pH 3.8 R3 150mM Sodium Acetate pH 3
R2 10mM Citric Acid pH 3.8 R2 150mM Sodium Acetate pH 3
R1 10mM Sodium Acetate pH 3 R1 150mM Sodium Acetate pH 3.8
R3 10mM Sodium Acetate pH 3 R3 150mM Sodium Acetate pH 3.8
R2 10mM Sodium Acetate pH 3 R2 150mM Sodium Acetate pH 3.8
R1 10mM Sodium Acetate pH 3.8 R3 80mM Citric Acid pH 3.4
R3 10mM Sodium Acetate pH 3.8 R3 80mM Citric Acid pH 3.4
R2 10mM Sodium Acetate pH 3.8 R3 80mM Citric Acid pH 3.4
R1 150mM Acetic Acid pH 3 R3 80mM Citric Acid pH 3.4
R3 150mM Acetic Acid pH 3 R3 80mM Citric Acid pH 3.4
R2 150mM Acetic Acid pH 3 R3 80mM Citric Acid pH 3.4

Table 2: Experimental template for selecting of elution buffer.

fect between pH 3 - 3.8. The aggregation levels changed between 
0.2% and 40% in acetic acid-based buffer screening (Figure 2) 
whereas sodium acetate and citric acid buffers provided maximum 
1% aggregate level for this molecule. Also, we observed that both 
controlled pore glass (R3) and high flow agarose beads (R2) resins 
had shown high aggregation level at the high acetic acid concentra-
tion and at pH 3. It was observed that methacrylic polymer (R1) 
which has high hydrophilicity to minimize non-specific binding 
[19] showed lower aggregation level compared to R2 and R3 in 
acetic acid buffer. In the experimental template, for sodium acetate-
based, high concentration of buffer content was not screened due 
to selection of model in the software. 

The monoclonal antibodies have tendency to aggregate under 
certain conditions for this reason aggregation remains a major fo-
cus in the therapeutic mAb production. The release strategy from 
Protein A chromatography is based on the acidic conditions and 

low pH conditions. However, for many mAbs, acidic conditions and 
low pH conditions can be the typical cause of aggregation during 
Protein A chromatography [8]. Protein A-Fc interactions may lead 
to destabilization of mAb structure while increasing the tendency 
to aggregate [21]. Not only low pH condition has aggregation chal-
lenges, but also the phenomenon of desorption from Protein A 
resin can destabilize the mAb [1]. In therapeutic mAbs, aggregate 
is not desirable because of their possible immunogenic effects on 
patients [22]. Although a biosimilar mAb which has high tendency 
to aggregate was used in this study, the aggregate levels after three 
Protein A resins were not too high as shown in figure 2. 

Not only aggregation level, but also HCPs reduction is important 
for selection of buffer type. HCPs results are given in figure 3. In-
terestingly, highest HCP reduction was observed at 150 mM acetic 
acid at pH 3 where highest aggregation level was observed. All con-
ditions except 80 mM citric acid at pH 3.4 had significant amount of 
HCP reduction for Protein A chromatography. 
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Figure 2: Aggregation results after elution buffer screening; a) citric acid buffer; b) acetic acid buffer; c) sodium acetate buffer.
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Figure 3: HCPs results after elution buffer screening; a) citric acid buffer; b) acetic acid buffer; c) sodium acetate buffer.

Since in the citric acid-based screening, all conditions have suit-
able for aggregation level (below 0.8%), 10 mM citric acid and pH 
3.5 was selected as the best suitable elution buffer focusing on HCP. 
Both HCP and aggregate levels can be further improved in the pol-
ishing chromatography. Resin 1 (methacrylic polymer) was select-
ed and lab-scale experiment in AKTA chromatography was done.

For 1 ml column run, a 3 L bioreactor run was done and the titer 
was measured as 3.1 mg/ml and the HCPs analysis of the CHO har-
vest was 601633.93 ppm. Firstly, the dynamic binding capacity of 
Resin 1 was measured and calculated as 60 which is very high due 
to the industrial standards. The base matrix of methacrylic poly-
mer can minimize the non-specific binding by increased hydrophi-
licity property which can provide high DBC [19]. Figure 4 shows 
the chromatogram of Resin 1 at selected elution buffer. 

After running the Protein A chromatogram, the aggregate and 
HCP levels were measured in the 1 ml column to compare with the 
0.1 ml micro-volume column, given in table 3. 

The aggregate levels in 0.1 ml column and 1 ml column were 
found very close to each other showing the success of the HTPD 
technology. The HCP value was even lower in the 1 ml pre-packed 
column. These results proved the scalability of the HTPD technol-
ogy for Protein A chromatography. 

Cation exchange resin screening with high-throughput tech-
nology

After Protein A chromatography studies, a pool was prepared 
which has a titer of 17.8 mg/ml TUR02 and HCPs content was mea-
sured as 2370 ppm before loading to the 0.1 ml pipette columns. 
The factors that were entered in DoE were pH, ionic strength and 
resin type. A total of 20 runs together with its analytical character-
ization results are given in table 4. 

During CEX study, overloading chromatography was applied 
with the differential binding between the product and impurities 
[23]. Working pH range was 4-5 which means that mAb had posi-
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Figure 4: Protein A chromatogram of Resin 1 in 1 ml column.

R1 in 0.1 ml micro-volume column R1 in 1 ml prepacked column
Aggregate Value (%) 0.67 0.76

Host Cell Protein Value (ppm) 1865 326

Table 3: Comparison between 0.1 ml micro-volume column and 1 ml prepacked column with selected elution buffer at 10 mM Citric 
Acid pH 3. 

Factor 1 pH Factor 2 Ionic Strength (mM) Factor 3 Resin Type Yield (%) Aggregation (%) HCPs (ppm)
4.75 49.6774 Weak CEX Resin 69 1.43 622

5 10 Weak CEX Resin 72 4.43 842
4.75 49.6774 Weak CEX Resin 70 1.46 664
4.37 50 Strong CEX Resin 67 1.06 1589

5 20 Strong CEX Resin 73 5.26 915
4.5 30 Weak CEX Resin 89 0.58 775
4.5 30 Weak CEX Resin 81 0.59 819
4.5 30 Strong CEX Resin 73 1.10 1019
4.5 30 Strong CEX Resin 80 1.10 1181
5 10 Weak CEX Resin 88 4.98 915
4 50 Weak CEX Resin 83 0.50 1622
4 50 Weak CEX Resin 80 0.65 1357
5 50 Strong CEX Resin 82 5.42 657
4 50 Weak CEX Resin 79 0.41 1305

4.25 10 Weak CEX Resin 73 0.44 1403
4.5 30 Strong CEX Resin 89 0.92 855
4 10 Strong CEX Resin 72 0.84 2245

4.5 30 Weak CEX Resin 69 0.58 735
5 50 Strong CEX Resin 90 5.68 815
4 35.2 Strong CEX Resin 70 0.83 1700
4 10 Strong CEX Resin 77 0.79 1802

Table 4: The experiment template for CEX resin screening.
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tively charge. CEX resins have negatively charged particle, so they 
are supposed to bind positively charged molecules, because of the 
pI value of mAb; the product was also bound to the resin based 
on DBC. In this technique, impurities were bound to the resin as 
well as the mAb. DoE analysis was performed by ANOVA with put-
ting the responses. Aggregate and HCPs graphs based on factors 
were generated in the software presented in Figure 5. Resin type 
has a critical role for both reduction of aggregation and HCPs. Be-
cause both impurities bind to the resin with overloading, resin type 
was observed as significant due to binding of the resin. The results 
showed that strong CEX resin is suitable for removal of impurities. 
Non-covalently bound aggregates can be formed between weak 
protein-protein interactions such as hydrophobic/hydrophilic 
at short distance of protein structure [24]. A weak non-covalent 
reversible aggregation has been observed for the mAb molecule 

which is anti-VEGF given in Moore., et al. [25]. The reversibility 
usually has equilibrium between the monomer and aggregation 
percentage. This equilibrium can shift by changing pH or decreas-
ing the mAb concentration. The mAb used in this study, has high 
aggregate at the high pH as 5.26, 5.42, and 5.68 in strong CEX resin 
at pH 5 (Table 4). Figure 5 shows the comparison between weak 
and strong CEX resins in terms of HCPs and HMWs. 

The DOE results proved that strong CEX resin provides to keep 
both HCPs and aggregates at low levels at pH 4.5 and 38-mM so-
dium phosphate buffer. A confirmation run was done in 1 ml CEX 
column in AKTA chromatography at these selected conditions and 
the responses were very close to each other as given in table 5. 

As a result, HCPs reduction was observed from 2369 ppm to 
234.4 ppm and aggregation reduction level from 0.76% to 0.32% 

Figure 5: Evaluation of High-Throughput CEX chromatography screening.

Factor 1 
pH

Factor 2 
Ionic Strength (mM)

Factor 3 
Resin Type

Yield  
(%)

Aggregation 
(%)

HCPs  (ppm)

Predicted values by DoE program

4.5 38
Strong

CEX Resin

77 0.41 713

Experiment 1 by using Micro-volume Column 
(0,1ml) 97 0.52 612

Experiment 2 by using Äkta Avant 25  
1 ml prepacked column with Residence Time 25 sec 90 0.44 375

Experiment 3 by using Äkta Avant 25  
1 ml prepacked column with Residence Time 3 min 94 0.32 234

Table 5: Comparison of lab-scale and micro-volume column runs for confirmation.
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in 1 ml column. In both 0.1 ml micro-volume columns and 1 ml 
prepacked column, impurities like aggregate and HCPs values were 
found to be close to each other which mean that HTPD technology 
was scalable for CEX application of TUR02 molecule. Also, similar-
ity of yield value showed us the purification process was optimized. 

Conclusion

Coupling HTP technology platform with DoE tools, processes for 
Protein A and cation exchange chromatography were developed to 
be used in biosimilar mAb TUR02 production. With increasing pric-
es of mAb-drugs, biosimilar mAb development became very com-
petitive nowadays. For this reason it is very important to develop a 
cost-effective process in fast manner. Using micro-volume columns 
provided us to screen a lot of parameters using low amount of ma-
terial in a shorter period of time. The downstream process devel-
opment period can be decreased by 90% using HTP technology. In 
this study, firstly, a large number of parameters were screened for 
finding out appropriate elution buffer for high HCP and aggregate 
removal. 10 mM citric acid, pH 3.5 and a base matrix of methacrylic 
polymer resin were selected for Protein A chromatography. These 
conditions were also applied with 1 ml pre-packed column to dem-
onstrate the success of the scalability of HTP technology. After 
Protein A chromatography, cation exchange chromatography was 
chosen as a polishing chromatography. A large parameter screen-
ing for cation exchange conditions was applied to further remove 
the impurities. In the flow-through mode, strong cation exchange 
resin, 38 mM sodium phosphate and pH 4.5 provided the highest 
aggregate and HCP reduction. Scalability of the process was suc-
cessfully proven using 1 ml pre-packed column. With these condi-
tions, the aggregate and HCP levels were found as 0,52 and 612 and 
0,32 and 234 for 0.1 ml and 1 ml columns, respectively. Qualitative 
and quantitative comparability was also seen with micro-volume 
column and laboratory scale columns, for example, the yield was 
97% in micro-volume, whereas the yield was observed 94% in 1 ml 
prepacked column.
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