
BioSeek: Differentiating p38MAPK Inhibitors
Bridging the Gap from In Vitro to In Vivo

THE CHALLENGE

Our client, a global integrated pharmaceutical company, entered the lead optimization stage with three p38MAPK 
antagonists. All three compounds were competitive inhibitors for ATP binding and indicated to treat rheumatoid 
arthritis (RA). At the time the client approached BioSeek, data from biochemical p38MAPK assays and THP1 
monocyte cell-line-based assays were generated but failed to show differences among the leads. For example, the 
compounds had similar IC50 values in biochemical assays of p38MAPK, and appeared to be equipotent at inhibiting 
TNFα expression in the activated THP-1 human monocytic leukemia cell line.

None of the information gathered had enabled the client to prioritize one compound over the others for further 
development. The challenge was to identify physiologically relevant systems that would reveal what earlier studies 
may have missed:  a more complete assessment of on-target and secondary activities in the context of human biology.  
Of particular interest was to elucidate off-target and secondary effects of each p38 MAPK inhibitor, which could 
impact efficacy and drug safety. This knowledge might then inform the selection of the most promising lead for 
further pre-clinical and clinical studies. The client wanted to gain as much information as possible to bridge the gap 
between in vitro and in vivo testing to gain insights about potency as well as target specificity in human systems.

Figure 1. Stage of BioSeek’s client in this case study
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BIOSEEK’S APPROACH

The client met with BioSeek to learn more about its 
BioMAP® human primary cell systems that mimic 
physiological microenvironments for a variety of 
disease states, including inflammation, wound healing, 
angiogenesis, proliferation, fibrosis, as well as monocyte, 
and T- and B-cell immune responses. The more than 30 
BioMAP® systems yield quantitative, reproducible, and 
biologically relevant readouts of more than 400 well-
documented protein, lipid and metabolite markers, as 
well as parameters of cell morphology and viability. 
The pharmacologic relevance of BioMAP® systems is 
validated with more than 3,000 known compounds. 
Drug responses to BioMAP® systems enable BioSeek to 
identify mechanism of action, off-target effects, potential 
side effects, biomarkers, and drug efficacy in man.

The client provided three blinded lead compounds. 
Given the nature of the compounds, BioSeek 
recommended eight standard BioMAP® systems, out 
of more than 30 available systems, to measure a range 
of inflammation and immune-modulated responses 
(Figure 2). One of the recommended BioMAP®systems 
(labeled “LPS” in Figure 2) consists of early passage 
primary vascular endothelial cells co-cultured with 
PBMCs (lymphocytes, monocytes, natural killer cells, 
etc.) that are stimulated with LPS to model toll-
receptor monocyte activation and measure production 
of TNFα by primary monocytes. In this BioMAP® 
system signaling cascades are induced that recapitulate 
responses observed clinically in inflamed tissue, for 
example increased PGE2 (associated with pain and 
swelling), increased TNFα (potent pro-inflammatory 
cytokine) and increased E-Selectin and IL-8 (associated 
with leukocyte recruitment). Also, LPS was known to 
activate p38MAPK in monocytes, so the LPS system 
at least should provide confirmation of p38MAPK 
inhibitory activity and a link to experiments with THP-
1 cells. In each of the eight different BioMAP® systems, 
eight to 15 markers were quantified that are related to 
a variety of targets and pathways. Cell viability was also 
quantified to yield information on cytotoxicity.

Each of the client’s three inhibitors was tested 
in the eight BioMAP® systems at four different 
pharmacologically relevant drug concentrations to 
allow dose escalation readouts. All protein markers 
were quantified and analyzed using BioSeek’s fully 
automated high throughput ELISA platform, and the 
generated data fed into algorithms that map functional 
similarities between the client’s inhibitors to more than 
3,000 known compounds previously characterized in 
BioMAP® systems. Correlation between BioMAP® 
system activities for known compounds and our 
client’s compounds produced a BioMAP® profile for 
each compound showing similarities and differences 
on inter- and intracellular signaling.

RESULTS

BioSeek’s analysis showed distinctive BioMAP® profiles 
for the three p38MAPK inhibitors (Figure 2). Compound 
A displayed a profile showing lower magnitude changes 
in biomarker readouts than Compounds B and C, in 
particular in the LPS system and in the “3C” system 
(endothelial cells under Th1 activation). The magnitude 
and the direction of change of some of the readouts, 
such as inhibition of HLA-DR in the 3C system and the 
inhibition of TNFα in the LPS system were the same for 
all three compounds tested, as well as for other selective 
p38MAPK inhibitors in the BioMAP® database. This 
and other evidence suggested that inhibition of HLA-
DR in the 3C systems and TNFα in the LPS system are 
on-target effects of p38MAPK inhibition. Compounds 
B and C were similar to each other in their BioMAP® 
profiles, which showed high-magnitude changes in 
several markers in the multiple BioMAP® systems; 
changes that were not observed with Compound 
A. For example, Compounds B and C caused strong 
inhibition of VCAM-1, E-Selectin and IL-8 expression in 
the LPS system (Figure 2). These protein markers of 
inflammation function in leukocyte recruitment and 
adhesion in the inflammatory response. The breadth 
of BioMAP® responses induced by Compounds B 
and C was not observed with known highly specific 
p38MAPK inhibitors in the BioMAP® database, but was 
shared with known inhibitors of lower specificity.
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Scientists at BioSeek consulted with the client to provide 
their insights on these findings. The interpretation 
was that Compound A was a more specific inhibitor 
of p38MAPK than Compounds B and C. Further, the 
strong inhibition of inflammation-related responses 
induced by the latter two suggested that these would 
be more efficacious in RA than Compound A. However, 
this observation also implied that Compounds B and C 
acted through off-target effects not directly related to 
p38MAPK inhibition, thus challenging the rationale for 
p38MAPK as a target for RA. BioSeek scientists suggested 
that the client could further optimize leads B or C on 
the basis of screening for enhanced off-target inhibition 
of inflammation responses; however, such a path should 
include monitoring for safety due to possible off-target 
effects. Additionally, based on responses in the eight 
BioMAP® systems, BioSeek was able to recommend an 
animal model to differentiate anti-inflammatory activity 

of the inhibitors. The different responses observed in 
the Superantigen-activated co-culture of endothelial 
cells and PBMCs (“SAg” system) suggested that a model 
of delayed-type hypersensitivity, which is T-cell mediated, 
would reveal differences between the inhibitors in vivo.

Figure 2. BioMAP® profiles of our client’s 
compounds. (A) Eight BioMAP® systems are shown, 
each a different combination of human primary cells 
and activating factors. The horizontal axis lists protein 
biomarkers measured for each BioMAP® system. The 
vertical axis shows the change in biomarker expression 
(log ratio) in response to the compounds. Each colored 
line shows the BioMAP® profile of one compound. The 
gray horizontal band shows the range outside of which 
a change in expression is statistically significant. (B) 
The “LPS” BioMAP® profile is enlarged and shown as 
a column chart.
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IMPACT FOR THE CLIENT

The client now had evidence that the three p38MAPK 

cells, and they had markers by which the differences 
could be measured. The client also had evidence that 
Compound A, the most selective of the three p38MAPK 

related responses. Compounds B and C were 

of on-target as well as off-target effects. Additionally, 

they could expect that an animal model of delayed-type 
hypersensitivity would be useful. In fact, subsequent 
studies in a delayed-type hypersensitivity model using 

The client eventually discontinued the p38MAPK 

knowledge as of 2011, none of the approximately 
20 different p38MAPK inhibitors that have gone into 
clinic has proceeded beyond Phase II in RA trials. 
Our BioMAP®  studies for this client provided early 
and robust evidence, based on physiologically relevant 

compounds to treat RA.

BioMAP®  studies provided accurate insights on 

human system, insights that would have been missed 
with common in vitro assays. BioMAP®  offered a 
bridge to connect biochemical and cell biology with in  
vivo models and clinical observations, arriving at  
richer insights and improved hypotheses for further 
lead development.

CONTACT US FOR MORE INFORMATION

US Telephone: (650) 416-7600 
International: +1 (650) 416-7600 
Email:  BusDev@bioseekinc.com 


