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Abstract Over the past decade, global interest in the

development of therapeutic monoclonal antibodies

(mAbs) has risen rapidly. As therapeutic agents,

antibodies have shown marked efficacy in combatting

a range of cancers and immune diseases with high

target specificity and low toxicity (Carla Lucia et al. in

PLoS ONE 6:e24071, 2011; Donaghy in MAbs

8:659–671, 2016; Nasiri et al. in J Cell Physiol

9:6441–6457, 2018; Teo et al. in Cancer Immunol

Immunother 61:2295–2309, 2012). Recent advances

in cell culture technology, such as high-throughput

clone screening, have facilitated antibody production

at concentrations exceeding 10 g/L (Chen et al. in

BMC Immunol 19:35, 2018; Huang et al. in Biotech-

nol Prog 26:1400–1410, 2010; Lu et al. in Biotechnol

Bioeng 110:191–205, 2013; Singh et al. in Biotechnol

Bioeng 113:698–716, 2016). As titers have improved,

the industry has begun to focus on the adjustment of

target antibody quality profiles to improve efficacy.

Cell lines, culture media, and culture conditions

impact protein quality (Van Beers and Bardor in

Biotechnol J 7:1473–1484, 2012). Optimization of

critical quality attributes (CQAs), such as charge

variants, can be achieved through bioprocess devel-

opment and is the preferred approach as changes to the

cell line or growth media used is considered unfavor-

able by regulatory bodies (Gawlitzek et al. in

Biotechnol Bioeng 103:1164–1175, 2009; Jordan

et al. in Cytotechnology 65:31–40, 2013; Pan et al.

in Cytotechnology 69:39–56, 2016). In this study, the

effect of process control and ion supplementation on

charge variants of mAbs produced by Chinese hamster

ovary (CHO) cells was investigated. Results of this

study demonstrated that the concentration of Zn2?,

duration of culturing, and temperature affect charge

variants of a given mAb. Under the optimum condi-

tions of 3L bioreactors, the most significant was that

Zn2 ? and temperature shift could further improve the

quality of antibody. The main peak increased by 12%,

and the acid peak decreased by 16%. At the same time,

there was no significant loss of titer. This study
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provided supporting evidence for methods to improve

charge variants arising during mAb production.

Keywords Charge variants � Chinese hamster ovary

cells (CHO) � monoclonal antibodies (mAbs) � Zn2?

Introduction

The pharmaceutical industry benefits from robust

market demand with global prescription drug sales

exceeding 1 trillion USD in 2017. Furthermore, global

monoclonal antibody (mAb) market size exceeded

$100 billion USD in 2017, and investment into the

development of biologics is expected to continue.

Following years of research and development, CHO

cells are most commonly used host cell line for

antibody production due to their ability to execute

appropriate post-translational modifications of mAbs

necessary for therapeutic utility (Chu and Robinson

2001; Lim et al. 2010). Monoclonal antibodies are

complex heterogeneous glycoproteins with multiple

post-translational modifications; therefore a number of

different variants exists for a particular mAb (Brorson

and Jia 2014; Higel et al. 2016; Houde et al. 2010).

Each variant of a mAb has unique biochemical and

biophysical properties associated with their specific

post-translational modifications (Higel et al. 2016;

Mueller 2017; Zheng et al. 2014). The majority of

mAbs developed and tested by Chinese biopharma

company pipelines are biosimilar, therefore mAbs

should have molecular properties similar to those of

the original targets (Li et al. 2015; Silva et al. 2014).

However, controlling post-translational modifications

both in and outside of cells is difficult as the

underlying mechanisms are complex and often poorly

understood (Begona and Leyre 2012; Walsh 2010).

Common issues in the development of biosimilar mAb

include aggregates, fragments, and differentially gly-

cosylated mAbs (Berkowitz et al. 2012; Read et al.

2011; Wei et al. 2006). Charge variants can be

identified by use of cation exchange chromatography

(IEC), whereby the acidic mAb peak elutes before the

major peak and the basic mAb peak elutes later

(Khawli et al. 2015; Lingg et al. 2013). For example,

the IEC elution profile of the mAb assessed in this

study is shown in Fig. 1, where the early- and late-

eluting peaks are indicative of the acidic and basic

charge variants, respectively. These charge variants

have the potential to alter molecular properties of

mAbs, and therefore their safety and efficacy profiles,

thus presenting significant regulatory concern (Beck

et al. 2013; Chirino and Mire-Sluis 2004; Dada et al.

2015; Hintersteiner et al. 2016; Rea et al. 2011; Shukla

and Thömmes 2010). To date, the relationship

between charge variant production and presence of

impurities during mAb production has been elucidated

(Khawli et al. 2015; Kishishita et al. 2015; Prabhu and

Gadgil 2019). For biosimilar mAb production, the

frequency of charge variants must be adjusted to

correspond to the original drugs (Begona and Leyre ;

Vázquez-Rey and Lang 2011). Traditionally, IEC has

been used in the purification of mAbs. Unfortunately,

this approach greatly reduces product yield. Opti-

mization of cell culture processes in the production of

mAbs can alter charge variant frequencies (Kishishita

et al. 2015; Seo et al. 2016). Therefore, in the present

study we investigated methods to optimize the

production of charge variants and to improve mAb

production quality.

Materials and methods

Cell lines

The cell line used in this paper was developed by

Sunshine Guojian (AMember of 3SBio). According to

the published amino acid information of Trastuzumab,

the recombinant anti-HER2 humanized mAb DNA

sequence was synthesized and inserted into the pUC57

intermediate vector. The PCR method was utilized to

amplify the antibody heavy chain and light chain

sequence from the pUC57 plasmid and a signal

peptide was added to the N-terminus of the corre-

sponding sequence. Meanwhile, AvrII/BstZ17I

restriction site was added to the ends of heavy chain

Open Reading Frames (ORFs), EcoRV/PacI restric-

tion site was added to the ends of light chain ORFs.

Freedom pCHO1.0 plasmid (Gibco, ThermoFisher,

USA) was selected as the expression vector. The

heavy chain ORFs and the light chain ORFs were

cloned into the multiple cloning site AvrII/BstZ17I

and EcoRV/PacI of pCHO1.0 respectively. The

recombinant plasmid was named pCHO-VHL. See

Supplementary information Figure 1 for detail plas-

mid map information. After the antibody gene
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sequence accuracy was confirmed, the plasmid was

transfected into host cell CHO-DG44 cell (Thermo

Fisher, USA). The transfected cells were screened by

pressure screening, clonal screening, single cell sub-

cloning screening and engineered cell strain producing

trastuzumab was obtained. These cells were finally

stored in liquid nitrogen tanks.

Cell culture media

The basic medium used during the cultivationwas 300F

(Sunshine GuoJian, CHINA), and the nutrient medium

300S (Sunshine GuoJian, CHINA) was added with

0.008 mol/L glutamine(Gln) during the cultivation, and

the solution used was 30% Glucose solution, 10%

AF(antifoam) and 2 mol/L Na2CO3 solution. 300F and

300S produced by Sunshine Guojian was chemically

defined media. Dissolved the medium powder in water

for injection (WFI) and kept agitating for 3 h and

weighed the medium to a final volume. Themedia were

filtered through sterilizing grade filter in biosafety

cabinet(Esco, Germany). The sterile media should be

stored at 4–8 �C avoiding light. ZnSO4�7H2O, MnCl2
and CuSO4 metal salts were purchased from Sigma.

Cell culture method

One vial of working cell bank (WCB) was thawed in a

water bath at 37 �C, Shook the vial until thawed

completely and inoculated into a 125 mL shake flask.

The CHO cells in shaking flask were cultured in CO2

shaking incubators (INFORS Multitron, Switzerland)

incubated at 36.5 �C, 5% CO2, 145 rpm. During scale-

up operations, cells were cultivated in fed-bath mode

in 3L bioreactors (Eppendorf DASGIP, Germany) at

an inoculation density of 0.9 9 106 cells/mL and set

the other parameters as following: 35–37 �C, pH

6.8–7.1, 40% dissolved oxygen, 200–400 rpm. All

experiments were maintained under the same condi-

tions except when concentration of Zn2?, Cu2?, Mn2?

ions or temperature were altered (Ex: 36.5 �C to 35 �C
on Day 0 /Day 2/Day 3/Day 5). Nutrient solutions

were added daily between Day 3 and 13. Culture

media were sampled for analysis daily between Day

11 and 15.

Online measurements and offline analysis

CHO cells density was counted by use of an automated

cell counter (Countstar, ALIT, China), Glucose and

lactate levels were measured by use of a biochemical

analyzer (Roche, Switzerland), pH and Dissolved

oxygen (DO) were measured by use of sensors

(Mettler Toledo, Switzerland), Charge variants and

titer were analyzed by use of high performance liquid

chromatography (Agilent 1260, USA).

Results

Influence of culture temperature shift

Temperature impacts cell growth and can affect

metabolism by altering the effective rate of energy

Fig. 1 Cation exchange chromatography elution profile. The

acidic mAb peaks elute before the main peak and the basic mAb

peaks elute after the main peak. As shown in this figure, the

peaks of approximately 18 min are the acid charge peaks, the

largest peak being the main one followed by the basic charge

peaks. The horizontal axis represents the retention time of

HPLC and the vertical axis represents the absorbance unit

(mAU)
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transfer within cells (Sengupta et al. 2011; Si et al.

2014). During the later stages of antibody production,

lower temperatures can improve cell survival (Yoon

et al. 2003). To study the effects of temperature

variation on mAb production, a series of experiments

were conducted. Culture parameters were as follows:

flasks were incubated at 5% CO2 with the shaking

speed of 145 rpm, an initial cell density of 0.9 9 106

cells/mL and a final pH of 6.8–7.1. As shown in Fig. 2

and Supplementary Table 1, in order to evaluate the

influence of temperature shift, the three shake flasks

were shifted from 36.5 to 35 �C on day 2, day 3 or day

5 respectively. The other two flasks were cultured at

36.5 �C and 35 �C respectively. All batches were

harvested on Day 14.

Previous studies have demonstrated that lower

temperatures yield a higher proportion of cells in the

G1 phase, and thereby improve antibody titer (Fogolı́n

et al. 2004; Kaufmann et al. 1999; Oguchi et al. 2006;

Schatz et al. 2003). In contrast, the temperature is

reduced, the decrease in protein titers always occurs

when the temperature does not significantly affect the

viability of the cells. some other studies have similar

results to the manuscript (Bloemkolk et al. 1992;

Fogolı́n et al. 2004; Reuveny et al. 1986; Sureshkumar

and Mutharasan 1991), lower temperatures reduce

titers and impact the glycoprotein charge heterogene-

ity (Fig. 2). It is likely that a shift in temperature

extended the transit time of antibodies through the

endoplasmic reticulum and Golgi apparatus, thereby

promoting glycosylation (Bollati-Fogolı́n et al. 2005;

Gomez et al. 2012; Si et al. 2014), similar to previous

reports where it was demonstrated that lower temper-

atures reduce erythropoietin (EPO) sialic acid content

(Ahn et al. 2008; Kaneko et al. 2010). Post-transla-

tional modifications such as sialylation can alter the

charge distribution of mAbs, and might explain results

of this study (Clark et al. 2004). As demonstrated in

Fig. 2, a shift in cell culture temperature on Day 3

resulted in an acceptable mAb titer and fewer charge

variants, thus indicating the utility of these culture

conditions.

Influence of culture duration

Following inoculation, cell culture growth proceeded

through a number of phases; latent phase (Day 0–Day

1), logarithmic growth phase (Day 2–Day 6), and

Fig. 2 The different effect of temperature shift on tilter and

charge variants. The three shake flasks were shifted from 36.5 to

35 �C on day 2, day 3 or day 5 respectively. The other two flasks

were cultured at 36.5 �C and 35 �C respectively. All batches

were harvested on Day 14. Tilter and charge variants of Day 14

as shown in this figure were the averages of triplicates of three

experiments
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stagnant phase (Day 7–Day 15). In this study, the

effect of culture duration on the growth of CHO cells,

mAb titer, and charge variant frequency were inves-

tigated. Parameters of cell cultivation were as

described above and cell culture media was sampled

daily on day 11–15.

Results demonstrate that antibody titer and size of

acidic charge variant peak increased significantly with

incubation time (Fig. 3). In contrast, main peak size

decreased significantly and the peak associated with

the acidic species between Day 11 and 15 reached a

maxima of approximately 20%. The peak size of the

basic charge variant remained constant over time.

According to the previous research find, increase in

sialic acid content or deamidation of asparagine

residues was likely associated with an increase in the

presence of acidic charge variants (Du et al. 2012;

Leblanc et al. 2017). Thus, incubation time is a critical

parameter which can be adjusted according to desired

outcomes in order to maintain appropriate mAb

product quality. Results of this experiment demon-

strate an optimal harvest times on day 14.

Influence of metal ion concentration

The impact of ion concentrations on cell growth, mAb

titer, and charge variant was investigated. Ions tested

included Zn2?, Cu2? and Mn2? in various concentra-

tions. Culture conditions were as described in the

previous two studies and temperature were shifted

from 36.5 to 35 �C on day 3, all cell batches were

harvested on Day 14.

Mn2? and Zn2? function to catalyze enzymatic

reactions, whereas, Cu2? often functions to inhibit the

activity of enzymes (Luo et al. 2012; Radhakrishnan

et al. 2018). By varying concentration of the selected

ions, effects on enzymatic reactions involved in mAb

production by CHO cells was investigated. As

presented in Fig. 4, It was demonstrated that higher

concentrations of Zn2? (40 lM) reduced the size of

acidic charge variant peaks and increased the size of

main peaks relative to lower concentration of Zn2? (4

lM) (Fig. 4d). At the same time, cultures with Zn2?

expressed higher protein than cultures with Mn2? and

Cu2?. Compared with no additive culture and 4 lM,

found that Zn2? concentration increased the protein

expression significantly at 40 lM almost 12.24% and

5.45% (Fig. 4c). Mn2? and Cu2? had little effect on the

acidic charge variant peak, whereas Cu2? somewhat

reduced the size of the main peak and increased the

size of basic charge variant peaks (Fig. 4d). A high

Cu2? concentration (400 lM) negatively impacted

cell density, viability, and mAb titer(Fig. 4a–c).

CPB is an exocrine protease, each of which

contains an ion of zinc, which hydrolyzes the C-ter-

minal residues of peptide chains, such as lysine,

glycine or arginine. Previous work has shown that

CPB activity is enhanced by maintaining a proper

Zn2? concentration, eventually leading to charge

Fig. 3 The effect of culture duration on charge variants and

titer. The mAb titer increased with the extension of culture time.

Acidic variants increased and main peak decreased with the

extension of culture time. a mAb titer. b Distribution of charge

variants. All data points were the averages of triplicates of three

experiments
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variations in mAb production (Luo et al. 2012;

Yoshimoto et al. 2013).

Optimization of cell culture processes

To investigate the effect of varying Zn2? concentrations

on cell growth, mAb titer, and charge variants frequen-

cies, cells were grown by use of media containing 30 lM
to 150 lM of Zn2?. Cells were initially seeded at a

density of 1.0 9 106 cells/mL, and growth conditions

were as described in the preceding section.

As presented in Fig. 5, a certain range of Zn2?

concentrations promote expression and reduce acidic

peaks. In contrast, high Zn2? concentration (150 lM)

negatively impacted cell density and viability (Fig. 5a,

b). The size of the main mAb peak increased as Zn2?

concentration increased from 30 to 110 lM. How-

ever, when zinc concentration was equal to 150 lM,

main peak size decreased (Fig. 5d). The experiment

showed that when the expression of protein reached

the highest peak, Zn2? concentrations were 70 lM
(Fig. 5c), and when the concentration reached 110 lM,

the main mAb peak peaked (Fig. 5d). Therefore, we

focus on 100 lM, with a range of plus or minus 30 lM,

the concentrations of Zn2? between 70 and 130 lM
were selected as optimal.

Based on results of our experiments, Zn2? concen-

tration and cell culture temperature were deemed

Fig. 4 The effect of metal ions on cell growth, titer and charge

variants. High Cu2? concentration (400 lM) negatively

impacted cell density, viability, and mAb titers. In contrast,

high concentrations of Zn2? (40 lM) promote expression and

reduce acidic peaks. All batches were harvested on Day 14.

a Cell growth. b Viable cell density (VCD). c mAb titer.

d Distribution of charge variants. All data points were the

averages of triplicates of three experiments
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critical process parameters impacting the quality of

produced mAb. Therefore, experiments were designed

to assess the effect of temperature and Zn2? concen-

tration on cell growth, mAb titer, and charge variant

frequencies. Culture conditions were as described in

the preceding two sections, with varying Zn2?

concentration and culture temperature as outlined in

Table 1.

As mentioned previously, the frequency of basic

variants processed by CPB remained stable across

culture conditions. Therefore, focus was given to the

main peak (????), acidic charge variant peak

(???), and titer (??) as the key outcomes of this

study, whereby the ‘‘?’’ symbol represents relative

weight. Following response surface modeling (Fig. 6),

the DoE software indicated that the best control point

to minimize the frequency of charge variants was to

culture cells at a temperature of 35.13 �C on day 3 with

media Zn2? concentration equal to 79.82 lM.

Process validation (3L)

To validate finding of this study at a larger scale, the

above mentioned temperature (temperature shift from

36.5 to 35 �C on day 3), harvest time (day 14), and

metal ion concentration results (80 lM Zn2?) were

used in the culturing of cells in large 3L bioreactors in

duplicate (reactor 1 and reactor 2). A third reactor was

used as a negative control with temperature main-

tained at 36.5 �C and a Zn2? concentration equal to 80

Fig. 5 The effect of Zn2? on cell growth, mAb titer, charge

variants. A certain range of Zn2? concentrations promote

expression and reduce acidic peaks. In contrast, high Zn2?

concentration (150 lM) negatively impacted cell density and

viability. All batches were harvested on Day 14. a Viability.

b Viable cell density (VCD). c mAb titer. d Distribution of

charge variants. All data points were the averages of triplicates

of three experiments
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lM. As presented in Fig. 7, it was found that a shift in

temperature changed glycoprotein charge heterogene-

ity and increased main peak size relative to the

negative control reactor(Fig. 7a–c). Addition of 80 lM
Zn2? further reduced the frequency of charge variants

and increased main peak by 12% and a concomitant

decrease in the acidic peak of 16%(Fig. 7d).

Discussion

Many factors including cell line, media, and culture

processes significantly influence antibody quality

(Rouiller et al. 2014). Under current regulatory

guidelines or in consideration of other limitations,

cell lines or media cannot be changed, therefore

optimization of other CQAs such as culture duration,

temperature, and metal ion concentrations can be used

to improve enzyme activity and production of mAb.

Enzymes are vital to mAb maturation and in vivo

occurs in the endoplasmic reticulum or Golgi appara-

tus which are the major site of glycosylation in

mammalian cells.

Post-translational modifications arising in vitro or

in vivo can affect antibody quality. Following secre-

tion from cells, mAbs are subject to additional

modifications mediated by enzymes released from

host cells. During later stages of cell culture, cells

Table 1 DoE design space coordinates employed for response surface modeling of the control of mAb charge variants

Run Temperature (�C) Zn2? (lM) Acidic variants (%) Main

peaks

(%)

Basic variants (%) Titer (g/L)

1 37 70 29.19 61.77 9.03 1.7

2 37 100 29.01 60.92 10.07 1.6

3 37 130 29.04 61.16 9.80 1.3

4 33 70 28.59 62.90 8.51 1.3

5 33 100 27.97 63.39 8.64 1.1

6 33 130 29.81 60.95 9.23 0.9

7 35 70 28.14 62.68 9.17 1.5

8 35 100 26.66 63.67 9.67 1.4

9 35 100 27.84 63.29 8.87 1.4

10 35 100 27.14 63.16 9.69 1.5

11 35 130 27.54 63.15 9.31 1.3

Control 37 0 35.45 54.15 10.39 1.3

Fig. 6 DoE response surface predict MAb main peak, acidic variants and titer as a function of temperature and Zn2?. a RSM of main

peak. b Contour line of main peak. c RSM of acidic variants
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begin to die leading to a significant release of active

enzymes into cell culture media. High enzyme con-

centrations and longer culture durations can thus

significantly alter the frequency of particular variants

of proteins of interest. Therefore, process parameters

can be optimized to elicit desired quality standards for

a given mAb. Previous studies have demonstrated that

sialic acid content, deamination of asparagine resi-

dues, presence of non-classical disulfide linkages, and

high mannose content are post-translational modifica-

tions leading to the development of acidic charge

variants (Du et al. 2012; Leblanc et al. 2017). In

contrast, the presence of C-terminal lysine, tryptophan

oxidation, methionine and glycine amidation can all

contribute to the presence of basic charge variant

species (Khawli et al. 2015).

As demonstrated harvest time, culture temperature,

and Zn2? concentration impact charge variant fre-

quency of mAbs produced in CHO cells and impact

the frequency of acidic charge variant species. In this

study, it was demonstrated that optimization of critical

process parameters (CPPS) and critical material

attributes (CMAs), can be achieved by optimization

of CQA for robust manufacturing. It is vital that future

work expand upon these results in order to define

broadly acceptable operational ranges in which mAb

production can be robustly optimized in order to

facilitate biosimilar production workflows.

Compliance with Ethical Standards

Conflict of interest The authors report no conflicts of interest

in this work.

Fig. 7 The effect of Zn2? on cell growth, mAb titer, charge

variants. The parameters of two parallel reactors as following:

temperature shift from 36.5 �C to 35 �C on day 3 and 80 lM
Zn2?, the third reactor was used as a control with temperature

maintained at 36.5 �C and 80 lM Zn2?. All batches were

harvested on Day 14. a Viable cell density (VCD). b Viability.

c mAb titer. d Distribution of charge variants. All data points

were the averages of triplicates of three experiments
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Shukla AA, Thömmes J (2010) Recent advances in large-scale

production of monoclonal antibodies and related proteins.

Trends Biotechnol 28:253–261

Si NS, Sellick C, Lee K, Mason A, Kontoravdi C (2014) How

does mild hypothermia affect monoclonal antibody gly-

cosylation? Biotechnol Bioeng 112:1165–1176

Silva Ad et al (2014) Target-directed development and pre-

clinical characterization of the proposed biosimilar ritux-

imab GP2013. Leuk Lymphoma 55:1609–1617

Singh N, Arunkumar A, Chollangi S, Tan ZG, Borys M, Li ZJ

(2016) Clarification technologies for monoclonal antibody

manufacturing processes: Current state and future per-

spectives. Biotechnol Bioeng 113:698–716

Sureshkumar GK, Mutharasan R (1991) The influence of tem-

perature on a mouse–mouse hybridoma growth and mon-

oclonal antibody production. Biotechnol Bioeng

37:292–295

Teo PZ, Utz PJ, Mollick JA (2012) Using the allergic immune

system to target cancer: activity of IgE antibodies specific

for human CD20 and MUC1. Cancer Immunol Immun-

other 61:2295–2309

Van Beers MMC, Bardor M (2012) Minimizing immuno-

genicity of biopharmaceuticals by controlling critical

quality attributes of proteins. Biotechnol J 7:1473–1484

Vázquez-Rey M, Lang DA (2011) Aggregates in monoclonal

antibody manufacturing processes. Biotechnol Bioeng

108:1494–1508

Walsh G (2010) Post-translational modification of protein bio-

pharmaceuticals. Drug Discov Today 15:773–780

Wei W, Singh S, Zeng DL, King K, Nema S (2006) Antibody

structure, instability, and formulation. J Pharm Sci 96:1–26

Yoon SK, Song JY, Lee GM (2003) Effect of low culture tem-

perature on specific productivity, transcription level, and

heterogeneity of erythropoietin in Chinese hamster ovary

cells. Biotechnol Bioeng 82:289–298

Yoshimoto N, Itoh T, Inaba Y, Ishii H, Yamamoto K (2013)

Structural basis for inhibition of carboxypeptidase B by

selenium-containing inhibitor: selenium coordinates to

zinc in enzyme. J Med Chem 56:7527–7535

Zheng K, Yarmarkovich M, Bantog C, Bayer R, Patapoff TW

(2014) Influence of glycosylation pattern on the molecular

properties of monoclonal antibodies. MAbs 6:649–658

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

123

Cytotechnology (2020) 72:259–269 269

https://doi.org/10.1021/bk-2015-1201.ch003
https://doi.org/10.1021/bk-2015-1201.ch003

	Reduction of charge variants by CHO cell culture process optimization
	Abstract
	Introduction
	Materials and methods
	Cell lines
	Cell culture media
	Cell culture method
	Online measurements and offline analysis

	Results
	Influence of culture temperature shift
	Influence of culture duration
	Influence of metal ion concentration
	Optimization of cell culture processes
	Process validation (3L)

	Discussion
	References




