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Why conduct Host Cell Protein Impurity assays?

1. Patient safety
Immunogenicity – emphasize the most immunogenic proteins?
Biological activity – e.g. cellular cytokines? Homologs?
Concern about Product-HCP aggregates? 
Do clinical trials demonstrate safety of (a particular) HCP?
Is it ethical to make early lots high in HCP to demonstrate safety? 
More concerned about ECPs or CHOPs?
Impact of patient population, indication, route of exposure?

2. Manufacturing consistency
Representative sampling of charge and size species?
Most abundant HCP?
The same level of HCP, or a particular HCP 

(lot-to-lot, version, follow on)?
Process (or unit op) clearance factor or absolute value?
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Representative format for HCP ELISAs

Standards and antibodies are complex mixtures of proteins.

Samples do not match the standard in the specific HCPs
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What Should we Standardize?

1. Immunogen (blank run)

2. Standard in the assay (same as immunogen? product specific?)

3. The antibodies (National goat?  Measure of antibody coverage?)

4. The interpretation of the data 
What about dilution-dependent results? 
Absolute number vs. relative number?
Highest possible value or most reproducible value, for a given set 

of antibodies/standards?
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What do we know about CHO Proteins?

The Genome of CHO K1
24,383 Genes by sequence similarity to other mammals
13,374 shared with human/mouse/rat
53% of total genome is expressed

Xun Xu et all, Nature Biotechnology Aug 1, 2011 (on line)

Many controlled studies comparing 2D gels show few differences as a function 
of clone, culture conditions, growth rate, expression level.  

What does matter (for 2D gels) is the degree of cell death in the culture. 
Apoptosis ->caspases -> proteinases that clip HCPs; sialidases that modify 
charge.  However these changes have <2x impact on immunogenicity in HCP 
ELISAs.
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Views of HCP Standards (immunogens)

• Consistency of HCP standards?  
Immunoreactivity, spectrum of proteins? 
Needed for reagent lot comparisons

• Qualifying specific processes for multi-product assays
When would a product-specific standard be required?
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A representative E. coli 2DE map
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New standardNew standard

Reproducibility of ECP ELISA standards
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Titration of ECP Preparations
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CHO Proteome
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How does one qualify multiproduct reagents for a 
specific product/process?

• How to demonstrate relevance of the existing reagents to the new 
product/process?

• Using the same reagents across products has a huge advantages:
1) It allows across product comparisons of purity.
2) It allows extensive characterization of the reagents and cumulative 
assay knowledge.
3) Fits the timeline for agile development during early stage products.
4) Allows commercial operations to maintain one set of reagents, rather 
than separate reagents for each product. 
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The Impact of cell viability on 2-DE of CHO Proteome
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Manufacturing run comparison with standard
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Comparison of multproduct and product specific 
standards from blank runs
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Antibody Standard characterization

• How to demonstrate antibody coverage of the HCP population?
Immunoblots – 1D and 2D
Immunoaffinity capture of most reactive HCPs
2D-HPLC/ELISA – what fractions are contributing most to the ELISA

• Which antibodies, with what affinities, contribute to the ELISA signal?

• Other properties of the antibodies (e.g. aggregation)?
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One or two Epitopes per CHOP protein?

CHOP

enzyme

CHOP CHOP

ELISA

Affinity Chrom., immunoblot

All CHOP

Antisera (at best) detect a sampling of the total spectrum of HCPs.
Orthogonal methods are needed for non-immunogenic proteins.

The most immunogenic proteins dominate the assay signal.

Sample orthogonal methods: CD-SDS, SDS-PAGE, peptide map
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Anti-ECP Immunoblot:  Low stringency

The limitations
Of western blots
For demonstrating
Coverage.
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Anti-ECP Immunoblot:  High stringency
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Antisera

Immobilized
ECPs

Eluate = affinity purified
Anti-ECP antibodies 
(For use in ELISAs, immunoblots, & 
Anti-ECPs Column)

Eluate 1

Eluate 2

Eluate 3

ECPs 
(blank run cell lysate, 
PBS dialyzed 1 mg 
ECP)

Anti-ECPs Column
Immobilized anti-ECP
Antibodies
(40 mg/column)

Eluate = affinity
purified ECPs

Flow through =
immuno-depleted
ECPs

Immunopurification of antibodies and ECPs
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ELISA  of Immunofractionated ECPs
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Immunoreactive E. coli proteins (Eluate 1)
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Alternative to gel-immunoblots (2D chromatography vs 2D gels)

Direct Charge and Size link to ELISA-positive material
to demonstrate CHOP coverage of antibodies

CHOP in products – is it associated with aggregates? Product? Free?

Chromatography alternatives to Western Blots

IEC/SEC/ELISA

HPLC Faction collector (10-250 ml fractions into 96- or 384-well plates)

ELISA

Similar approach taken by Ken Hoffman to characterize Cygnus reagents.
Chromatofocussing/RP/ELISA (www.cygnustechnologies.com)
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0

1000

2000

3000

4000

5000

6000

0.
5

2.
5

4.
5

6.
5

8.
5

10
.5

12
.5

14
.5

16
.5

18
.5

20
.5

22
.5

24
.5

26
.5

28
.5

30
.5

32
.5

34
.5

36
.5

38
.5

Time (minutes)

C
H

O
P

 (
ng

/m
L
)

-0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 35.0 37.5 40.1
-0.18

1.00

2.00

3.00

4.00

5.00

6.00

7.01     CHOP_SEC_110523_B_TEST_OSCAR  #2 [modified by kevinlin]
mAU

min

WVL:280 nm

F
1 

(1
-8

0)

CHOP 
Standard,
250 ul fractions

Antibody reactivity to proteins fractionated by size

SEC Chromatography
A280

CHOP ELISA
Immunoreactivity



Slide 25
DnaK Spiked into ECP Standard
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GroEL Spiked into ECP Standard
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Standardized data analysis and reporting

• Multi-analyte Immunoassays are uniquely complex

• Interpretation of data is not standardized across the industry
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A couple of points to consider…

CHOP Concentration (ng/mL)

Product concentration (mg/mL) X (RCE)

True CHOP
Ratio (ng/mg) 

=

RCE = relative capture efficiency

-ICH Q2A: Validation of Analytical Procedures
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Graphical representation of CHOP clearance in a process

CHOP clearance through process

1

10

100

1000

10000

100000

1000000

10000000

0.00 0.01 0.10 1.00 10.00 100.00 1000.00 10000.00

Product (ug/mL)

C
H

O
P

 R
at

io
 (

ng
/m

g)

HCCF

Column 1 Pool

Column 2 Pool

Column 3 Pool

Column 4 Pool  

Final UF/DF Pool



Slide 31

HCCF

Lysine pool

CM pool

G25 pool

Bulk

10

100

1,000

10,000

100,000

1,000,000

10,000,000

1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04

Product (ug/mL)

C
H

O
P

 R
at

io
 (

ng
/m

g)

CHOP clearance in a different process

HCCF

Column 1 pool

Column 2 pool
Column 3 pool

Final pool



Slide 32

A sample that 
is in analyte 
excess, 
saturates.  

At low 
dilutions, 
under 
quantifies.

“Analyte Excess”  Quantification Error

High Affinity Low Affinity

1:2

1:4

1:8

Spike recovery is only a test of the open antibodies



Slide 33

A sample that is all high 
affinity declines less 
steeply than standard. 
At large dilutions, high 
affinity over quantifies.

A sample that is all low 
affinity declines more 
steeply than standard. 
At large dilutions, low 
affinity under quantifies.

Affinity Quantification Error

High Affinity Low Affinity

1:2

1:4

1:8

[ab.hcp] = keq x [ab]x[hcp] Avoid: Infinity x zero = number
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Do you really want antibodies that give 
100% coverage of all HCPs?

25% of the HCPs

Could you have so many antibodies (great coverage)
that you don’t detect any one HCP analyte (low sensitivity)?

The available surface of the microtiter plate is finite.  
More, different antibodies mean less of any one antibody.

50% of the HCPs

Dilution non-linearity (antigen excess) 
Becomes more common the greater the coverage.

100% of the HCPs
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Measuring capture efficiency in microtiter plates

std sample

Bound vs. Free
Read values against std

Fresh std

Pipette supernatant 
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Take home messages

HCP Standard for Immunogen and/or Assay Analytical standard 
2-D gels provide one measure of consistency between lots of Immunogen and assay 
standard.  

But similar immunoreactivity can be observed for preparations with differing 2D gel patterns

Other features of the standard (aggregate level, DNA) may need to be addressed.

Antibody Standard
Several means of establishing coverage exist: Immunoblots, immunoaffinity, proteomics. 
Not all results are equivalent.

What are the important HCPs to be detected? 

Data interpretation Standard
Data interpretation must address issues of dilution-dependence of HCP values
Assay validation data should address ICH guidelines, including linearity
Capture efficiency of the HCP in the sample relative to the standard needs to be addressed. 
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What would help?

1) Guidance on “points to consider” about host cell protein assay development, 
performance, and data interpretation.  

2) A 1000-tube array (50 x 20) of HCPs separated by 2-D chromatographic techniques that 
have been characterized as to:

Amount of protein (some wells may have none)
Number and identity of proteins (proteomics linked to genomics), 

Many proteins will appear in more than one well
Location in the array of the most abundant proteins, most immunoreactive, most 

biologically active (most important?).

Got new antibodies or a new assay format? How well does your approach cover the 
standardized array?


