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The cell-based instaCELL TNF-α neutralization assay shows 
loss of activity of Etanercept after alkaline stress
Method: Etanercept was analyzed using the instaCELL TNF-α 
neutralization assay kit, which was provided by acCELLerate 
GmbH (www.accellerate.me). L-929 assay ready instaCELLs 
were precultivated for 24 h followed by incubation with an 
Etanercept dilution series as well as TNFα and actinomycin D 
for 24 h. Viability was assessed via resazurin cell viability 
assay.
Results and Discussion: Utilizing the InstaCELL TNF-α 
neutralization assay, we observed a restorage of cell viability 
of TNFα-exposed L-929 instaCELLs after Etanercept-treatment 
in a concentration-dependent manner (Fig. 2A). After exposure 
to alkaline stress, Eternacept showed a strongly decreased 
relative potency compared to the non-stressed sample (Fig. 2), 
which is in line with observations made by Huang and
coworkers.

Although the exact underlying mechanism remains to be 
investigated, deamidation of amino acids located in the Fc-
domain (Fig. 1) may lead to conformational changes of 
Etanercept, in turn resulting in reduced binding of TNF-α 
(Huang et al., Journal of Chromatography B, 2016, 1032:189–
197). 

Conclusion: In summary, we present a holistic analysis 
platform serving as a blueprint for the successful assessment 
of protein modifications along with functional 
activity of therapeutic 
antibodies.
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Figure 2: Comparison of % viability and relative potency of non-
stressed and alkaline-stessed Etanercept. For % viablitiy (A), samples 
were measured in four replicates and Actinomycin D control was set 
as 100%. EC50 values of individual replicates (A) served for 
calculation of relative potency (B).

Table 1: Deamidation and oxidation of alkaline-stressed Etanercept 
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Figure 1: Etanercept structure with
location of amino acid sites showing
increased deamidation level after 
alkaline stress.

Ligand 
binding
domain

of TNFR2
Fc-domain 

(IgG1)
AA sites with increased deamidation 
levels after alkaline stress

Peptide Range Modified
AA-site Category

Non-
stressed

Etanercept

Alkaline-
stressed

Etanercept
LREYYDQTAQMCCSK 20 - 34 Q26 Deamidated 0.5% 2.5%

LREYYDQTAQMCCSK 20 - 34 Q29 Deamidated n.d. 2.7%

EYYDQTAQMCCSK 22 - 34 M30 Oxidation 1.2% 1.9%

DTLMISR 269 - 275 M272 Oxidation 4.3% 6.4%

FNWYVDGVEVHNAK 295 - 308 N296 Deamidated n.d. 1.7%

FNWYVDGVEVHNAK 295 - 308 N306 Deamidated n.d. 0.3%
VVSVLTVLHQDWLNG

K 322 - 337 Q331 Deamidated n.d. 1.0%

VVSVLTVLHQDWLNG
K 322 - 337 N335 Deamidated n.d. 0.6%

VSNKALPAPIEK 343 - 354 N345 Deamidated 16.9% 41.8%

EEMTKNQVSLTCLVK 376 - 390 M378 Oxidation 2.2% 3.0%
GFYPSDIAVEWESNG

QPENNYK 391 - 412 N404 Deamidated 1.9% 32.3%

GFYPSDIAVEWESNG
QPENNYK 391 - 412 N404 and 

N409 Deamidated 0.1% 5.1%

WQQGNVFSCSVMHE
ALHNHYTQK 437 - 459 M448 Oxidation 2.1% 2.2%

Application Note
A holistic analysis platform for assessing
protein modification and functional activity

Accordingly, Huang and colleagues reported an increased 
deamidation of N404 upon exposure of Etanercept to alkaline 
stress (Journal of Chromatography B, 2016, 1032:189–197). In 
addition, we also observed a moderately increased 
deamidation level of N345 in Etanercept after alkaline stress in 
the present study (Table 1, Fig. 1).

Abstract: Protein modifications are critical for the efficacy, 
safety, and stability of therapeutic antibodies. Here, we 
introduce a comprehensive analysis platform tailored to 
assess post-translational modifications of therapeutic 
proteins hand in hand with their functional activity. In the 
present approach, we successfully applied peptide mapping 
with LC-ESI-MS to determine deamidation and oxidation of 
alkaline-stressed Etanercept. On functional level, the 
instaCELL TNF-α neutralization assay served as a state-of-the-
art cell-based assay to assess the potency of Etanercept. With 
our holistic analysis platform, we observed increased 
deamidation accompanied by a loss of functional activity of 
Etanercept upon alkaline stress, making our approach a 
blueprint for future characterization studies of therapeutic 
antibodies.

Peptide mapping with LC-ESI-MS shows deamidation of 
Etanercept induced by alkaline stress
Method: Enbrel (Etanercept) was sourced from Evidentic 
GmbH and incubated at pH 10.4 for 7 days at 25 °C to induce 
alkaline stress. Deamidation and oxidation were analyzed by 
peptide mapping with LC-ESI-MS (UPLC: Waters Acquity 
Premier H-class, MS: Compact QTOF mass spectrometer, 
Bruker Daltonik) after enzymatic digestion with trypsin.
Results and Discussion: Deamidation and oxidation of 
alkaline-stressed Etanercept were successfully determined by 
peptide mapping with LC-ESI-MS. While oxidation was not 
affected, we found the deamidation level of N404 to be 
increased in alkaline-stressed Etanercept compared to non-
stressed sample (Table 1, Fig. 1).
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