INHIBITION OF PROINFLAMMATORY GENE EXPRESSION BY SOLUBLE TNF RECEPTORS

IN HUMAN WHOLE BLOOD CULTURES: MARKED CONTRAST BETWEEN TNF p55 RECEPTOR
(PEG sTNF-RI) AND TNF p75 RECEPTOR (ETANERCEPT)

Carl K Edwards, lIl,* AndrewAWeIcher Nancy Shen Chow Robert F Baltera,” Dennis M Miller,? Douglas Rich,” Michael J Gresser,'
Danute M Bankaitis- Davis,* and Michael P Bewlacqua

'Inflammation Research, Amgen, Inc., Thousand Oaks, CA. 91320-1799, United States; “Product Development, Amgen, Inc., Thousand Oaks, CA. 91320-1799, United States;
*Department of Infectious Disease, UCHSC, Denver, CO. 80262, United States; and Gene Expression, “Source Precision Medicine, Boulder, CO. 80301, United States

Charles A Dlnarello Vivenne A Marsh,” Kathleen A Storm,” David B Trollinger,

ABSTRACT

A quantitative PCR system optimized for precision (repeatability: coefficient of variability <
2%) was used to compare the effects of two anti-TNF therapeutic agents, soluble TNF p55 and
p75 Type 1 and Il receptors, on the expression of inflammation related genes (mMRNA) in human
whole blood cultures from healthy donors. A CHO-derived p75:Fc sTNF receptor(Etanercept)
is now widely used in the treatment of rheumatoid arthritis(RA). sTNF-RIl is an E. coli
recombinant, truncated, PEGylated form of natural soluble TNF p55 Type | receptor (r-met-
Hu- sTNF-RI). Human whole blood from healthy donors was cultured for one or six hour in
the absence or presence of TNF-a (10 ng/ml) followed by the measurement of selected pro-
inflammatory(Pl) genes, including IL-1a, IL-1B, TNFa, and COX-2. TNF-a stimulated samples
demonstrated a large induction of Pl gene expression ranging from 10-1000 fold when
compared to unstimulated blood. In broad concentration response studies (0.08 to 250
micrograms/ml), PEG sTNF-RI was highly effective at reducing Pl gene expression in both
unstimulated and TNF-a stimulated samples. The p75:Fc sTNF receptor was highly effective
at reducing Pl gene expression and in the lower portion of the concentration response range
(0.8 to 5 micrograms/ml). Unexpectedly, at higher concentrations the p75:Fc sTNF receptor
was less effective at reducing Pl gene expression and in multiple cases, increased Pl gene
expression. For example, at six hour, a dose-dependent 10 to 100-fold increase in IL-13, TNF-
o, and COX-2 gene expression was observed with p75:Fc sTNF receptor in unstimulated
cultures. We conclude that there are differences in the ability of PEG sTNF-RI and p75:Fc
sTNF receptors to inhibit Pl cytokine gene expression in whole blood cultures at clinically
relevant blood concentrations. The molecular mechanisms behind these in vitro observations
as well as their potential clinical impact warrant further study.

INTRODUCTION

Results from both animal disease models and clinical trials have firmly established TNF-o as
an inflammatory cytokine with a major role in the establishment and progression of Rheumatoid
arthritis. TNF-a exerts its effects by interacting with either of two cell surface receptors referred
to as the p55 and p75 TNF receptors. A variety of studies have documented the differences
in cellular response depending on which receptor is activated.

To date, two different TNF inhibitors have been approved for use in RA, and additional inhibitor
molecules are at various stages of development. Although all the TNF inhibitors are designed
to block TNF function in vivo, increasing evidence suggests that there are different molecular
and physiological consequences of using various inhibitors of TNF. For example, there appear
to be differences in the incidence of adverse events when comparing trials using the p75-Fc
fusion protein (etanercept) to trials using an antibody to TNF (infliximab). In addition, previous
publications have documented the differences observed in mortality during sepsis trials using
either etanercept or a p55-Fc fusion protein. Finally, a recent study found differences in the
ability of p55 and p75 TNF soluble receptors to block TNF-induced IL-8 production in human
whole blood assays. There are clear structural differences between the various inhibitors,
i.e. some contain Fc regions while other don’t, and sequence differences between the p55
and p75 receptors. It is presently unclear which if any of these contribute to the observed
differences.

In order to extend the earlier whole blood assay work comparing p55 and p75 versions of the
TNF receptors, we have set out to study the effects of these TNF inhibitors and their ability
to block TNF-a, IL-1B, and LPS-induced regulation of human gene expression. Our approach
has been to use gene expression measurement (optimized for precision) using quantitative
PCR in conjunction with human whole blood assays. The use of human whole blood assays
is well established as a method of determining the effects of cytokine manipulation either in
vivo or ex vivo. Recent technological developments by Source Precision Medicine make
possible the generation of robust, precise, and reproducible measures of changes in human
gene expression. These developments in turn enable the application of this technology to
clinically relevant samples from multiple donors. This poster analyzes the effects of p55 and
p75 soluble TNF receptors in both unstimulated human whole blood as well as blood stimulated
with either TNF-a, IL-1B, or LPS as a first step in understanding at the level of gene expression
the similarities and differences between these two TNF inhibitors.
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Source Precision Profiles ™

Source Precision Profiles™ are calibrated measures of bio-responses based on quantitative
gene expression. The Source Precision Profile platform is based on a quantitative PCR (ABI
Prism 7700 TagMan ™) system optimized for precision (repeatability; coefficient of variation
< 2%). Source achieves a high level of precision utilizing:

proprietary design of primers and probes
extensive quality control of reagents and plates
calibration of instruments

strict data analysis rules

Precision Profiles are backed by strict SOPs, providing quantitative and reproducible data.

Repeatability — Testing the same sample with QPCR over time (1,000 plates in 10 batches) on
the 48 gene Precision Profile™ for Inflammation achieved a %CYV range of 0.5 to 1.8%. In this
study, relevant gene examples include:

Genes ll-1alpha ll-1beta TNF-alpha COX-2
% CV 0.37 0.61 0.64 0.31

Reproducibility — Over various experiments, testing different donor samples under the same
conditions across different dates, instruments, technicians, reagents and plates, Source has
achieved a %CV range of 2-5%.

Genes IL-1 alpha IL-1 beta TNF-alpha ({0) C.

% CV 3.86 5.02 0.93 3.66

MATERIALS AND METHODS

* Whole Blood Assays performed ex-vivo from normal volunteer donors with 1:1 dilution of
RPMI with supplements, stimuli and/or drug (Puren et al.).

e Cultures incubated for one or six hours at 37°C, 5% CO.,.

e Total RNA extracted on Applied Biosystems 6100 Automated Nucleic Acid Workstation
using AB RNA extraction chemistry.

1.5 to 3 pg of total RNA primed with random hexamers using Multi Scribe™ (AB) reverse
transcriptase.

* Quantitative PCR was perfomed using Source Precision Profiles™ on an AB 7700 Sequence
Detection System.

 Data analyzed on Relative Quantitation software from AB. Source database comparisons
using customized informatics tools at Source Precision Medicine (Booth 463 at ACR).
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Figures 1a thru d: Gene Expression in Unstimulated Blood
or Blood Stimulated With IL-1B, LPS, or TNF-o.

Figure 1a: Time Course Study in Whole Blood
Control att = 0 versus t =1, 6 and 24 hours
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Figure 1b: Stimulus Concentration Response in
Whole Blood @ 6 hrs IL-1B @ 0.1, 1 and 10 ng/ml

Figure 1c: Stimulus Concentration Response in
Whole Blood @ 6 hrs LPS @ 0.1, 1 and 10 ng
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Figure 1d: Stimulus Concentration Response in
Whole Blood TNF-aa @ 0.1, 1 and 10 ng/ml, t = 6hrs

Figure 2: sTNF-RI Blocks TNF-a. (10 ng/ml) Activity
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Figure 3: Etanercept Blocks TNF-o. Stimulation at Low Concentrations but Increases
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Figure 4a: sTNF-RI Concentration Response
in Untreated Whole Blood sTNF-RI @ t = 6hrs
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Figure 4b: sTNF-RI Concentration Response in TNF-o.
Stimulated Whole Blood sTNF-RI @ t = 6hrs
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Figure 5b: Etanercept Concentration Response In
TNF-a. Stimulated Whole Blood Etanercept @ t = 6hrs

Figure 5a: Etanercept Concentration Response
In Untreated Whole Blood Etanercept @ t = 6hrs
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Figure 6a: Fc Control Concentration Response
in Untreated Whole Blood CHO-Hu-cMet-Fc,
Fc(Ecoli) and Fc(CHO) @ t = 6hrs

CHO-Hu-cMet-Fc, 6hrs

Figure 6b: Fc Control Concentration Response
in TNF-o. Stimulated Whole Blood CHO-Hu-cMet-
Fc, Fc(Ecoli), Fc(CHO), and @ t= 6hrs

TNF-o. + CHO-Hu-cMet-Fc, 6hrs
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CONCLUSIONS

. STNF-RI blocks TNF-a induced inflammatory gene expression response in a concentration

dependent fashion.

Etanercept blocks TNF-a induced inflammatory gene expression response at low
concentrations but increases inflammatory gene expression at high concentrations.
Multiple donors demonstrate this response with some variability.

Control recombinant proteins with Fc portions also activate inflammatory gene expression,
suggesting one possible explanation for these results.
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