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The gene expression profile of animals treated with 
either rNAPc2 or rhAPC was overall indicative of a 
typical immune response to ZEBOV infection. 

Significant differential expression (absolute log fold change ≥ 3 
in at least three different animals) was observed in 3043 
probes (2714 genes).  Data were first annotated with Gene 
Ontology (GO) terms, and then categorized into three major 
clusters corresponding to a general defense response (top 
cluster), innate immune response (middle cluster), and vesicle 
trafficking (bottom cluster).  Transcripts of inflammatory and 
cytokine response genes increased markedly over time, 
following the same temporal expression profile as found in 
previous studies [10].  This profile is dampened in treated 
animals during the “extended” time period, suggesting 
resolution of the immune response. 

Immune response to EBOV is altered by treatment 

Inhibiting coagulation, recombinant  nematode 
anticoagulant proteins c2 (rNAPc2) and 
recombinant human protein C (rhAPC), are 
capable of decreasing Ebola virus-induced 
pathogenesis.  Anticoagulant treatment of 
animals challenged with Ebola led to an 
extended time-to-death and the survival of 
some animals [4, 5].  We were interested in 
determining the effect of these treatments on 
the circulating immune response and whether 
there were any clear molecular markers of 
survival following Ebola virus challenge.  

Ebola pathogenesis & treatment 

Background information 

Controls rNAPc2 Treated rhAPC Treated 
Infection Day P.I. C1 C2 C3 C4 R1 R2 R3 R4 R5 R6 R7 R8 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 

Pre 
-8     ● ●   ● ●   ●     ● ● ● ●       ● ● ● ● ● 
0 ● ●   ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●           

Early 3 ● ● ●   ● ● ● ● ● ● ● ●       ● ● ● ● ● ● ● ● 

Late 

6 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●   ● 
7 ●       ●     ●   ● ●                         
8 ●           ●                                 
9 ●                     ●                       

Extended 

10           ●         ●   ●   ●     ● ● ●     ● 
11                                               
13                   ●                           
14                             ●   ● ● ● ●       
16                                       ●       
17           ●         ●                         
21                                               
22                             ●                 

Day of 
Death: 

9 8 8 8 8 ― 10 11 10 14 ― 14 10 9 22 7 21 ― ― 16 7 8 14 
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~650 nm 

~550 nm 
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    expression 
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DNA microarray technology.  RNA is extracted from virus-infected or uninfected cells, and complementary cDNA 

is produced by reverse transcription with fluorescently labeled nucleoside triphosphates. The cDNA probes are 

hybridized to DNA microarrays; the slide is afterwards exposed to UV light to produce red or green emission. Red 

and green dots identify genes whose expression level has increased and decreased, respectively, after virus infection.  

Yellow dots represent genes whose expression has not changed after virus infection. 

Samples 
We received inactivated peripheral blood mononuclear cell samples that had 
been collected as part of previous studies [4, 5], in which animals had been 
challenged with Ebola (Zaire 95) and teated with eitherrNAPc2 or rhAPC.  
Samples are shown in the table below, grouped by treatment.  Samples were 
grouped into infection categories associated with pre-infection, early infection, 
late infection and an “extended” category associated with an extended time-to-
death that is uncharacteristic of untreated EBOV infection. 

DNA microarray analysis 
RNA was extracted from peripheral blood mononuclear cells.  Purified RNA was 
linearly amplified and hybridized to a two-channel comparative whole genome 
long-oligonucleotide microarray with a reference pool of mRNA (Stratagene, 
Inc.).  Images were analyzed with GenePix Pro 6.0 (Molecular Devices, Inc.).  
Data were background corrected and normalized using Limma [6].  Control 
probes were removed, and each sample in the dataset was normalized to a 
pre-infection baseline to remove animal-intrinsic expression profiles.  Cluster [7] 
was used to hierarchically cluster the data and to detect differential expression. 
JavaTreeview [8] was used for data visualization. Functional mbion Message 
Amp II Amino Allyl kit, annotations of gene clusters were assigned using the 
Database for Annotation, Visualization and Integrated Discovery [9]. 

Defense response 
Response to wounding 
Inflammatory response 
Leukocyte activation 
Regulation of cytokine production 
Coagulation
  

Leukocyte activation 
Regulation of leukocyte 
activation 
Antigen processing  

Vesicle 
Translation 
Mitosis 

early late extended early early late late extended 

Control rNAPc2 rhAPC 

A 

B 

Control rNAPc2 rhAPC 

C 

Igβ, PKC, AP1, PLCγ, Rac, SHP1, 
HLA-E, NKG7, MHCI, MHCII, 
IFI30, IRF1, IRF9, IFITM2, 
SLAMF1, IGLL3 

LY6D, BLK, BRAP, IRF8, CCL4, 
IL7R, IL11RA, BLNK, CCR7, 
MAP4K1, RASAL3, GZMH, JAK1, 
SWAP70 

IFI44, OASL, IRF7, IFI27, IFI6, 
MT2A, IRF2, IL6, STAT1, 
TNFAIP6, BCL2A1, DDIT3, 
RAB3D, SOCS3,  CXCR2, CCL3, 
NFKBIA 

early late extended early early late late extended 

Day P.I. 

↓ ↑ 0 

differential regulation 

The expression profile of gene clusters was altered by 
either rNAPC2 or rhAPC treatment during infection. 

Gene expression in (A) immune response, and (B) leukocyte 
activation and differentiation was up-regulated in control 
animals during early infection, but not in late infection.  In 
contrast, rNAPc2-treated animals do not show the same up-
regulation during early infection; however, rhAPC-treated 
animals show sustained up-regulation.  Genes associated with 
a general defense response (C) were consistently highly 
expressed throughout infection, regardless of treatment. 

There do not appear to be overt differences between 
ZEBOV-infected treatment responders (survivors), and 
treatment non-responders (non-survivors). 

Significant differential expression was observed in 458 probes 
(414 genes). Functional annotation with GO terms showed 
similar categorization and functional enrichment for general 
defense response, vesicle trafficking terms, and innate 
immune response. The gene expression profile exhibits a 
temporal trend similar to that found in the treatment 
overview.  Although four major clusters were identified, there 
were no clear trends exhibiting a difference between surviving 
and non-surviving animals.  

Disease outcome (survival) alters expression profiles 

Specific gene clusters showed a unique expression 
profile that differed depending on disease outcome. 

Similar expression patterns are found in genes associated with 
(A) immune defense response, (B) inflammation and wound 
responses, (C) regulation of immune cell activation and 
apoptosis, and (D) viral response.  Survivors exhibit down-
regulation in the above clusters during late and extended 
infection, regardless of treatment.  In contrast, non-surviving 
animals do not exhibit the same reduction in transcript levels, 
even if their lifespan is extended due to treatment.  In 
particular, there is strong down-regulation of genes associated 
with viral response in surviving animals during late infection, 
whereas this response is absent in non-survivors. 

 

 

 

 

Survivor Non-survivor 

early late extended early late extended 

defense response 
response to wounding 
inflammatory response 
chemokine binding 

chemokine activity 
coagulation 
cytokine activity 
adaptive immune response 
innate immune response 

antigen processing 
MHC protein complex 
NF-κB cascade 

vesicle 
mitochondrion 
melanosome 

Survivor Non-survivor 

early late extended early late extended 

A 

B 

C 

CCL3, NCF1C, NCF2, 
TNFSF13B 

CXCR1, HPR, IL18RAP, 
TNFAIP6, LTB4R, SOD2, 
S100A12 

TREM1, TNFSF10, WAS, 
NLRP3,  SWAP70, 
ITGAD, AIM2, CCR7, 
LST1,  CD2, PRKCH, 
GIMAP8 

D 
FCGR3A, HLA-DRA, 
CCL4L1, TRIM22, TARP 

Day P.I. 

↓ ↑ 0 

differential regulation 

Materials & methods 

Blood coagulation is associated with a unique profile 

Discussion 

E L E L X 

Untreated Non-survivors Survivors 

E L X 
A 

E L E L/X 

Untreated Non-survivors Survivors 

E L X 

rNAPc2-treated B 
CD40 
VWFCP 
IL10RA 
VTN 

PDGFB 
GNAQ 
CH49b/TGA2 

FB 
KNG1 
F2K 
FGG 
F7 
F2RL2 
SERPINE2 
CP02 
TFPI 
TFPI2 
CH9 
FGA 

E E L 

Untreated Non-survivors Survivors 

E L X 

rhAPC-treated 

L X 

C 
F8 
PLG 
SAA1 
CD40b/TGA2 
 
SERPINE1 
PKC8 
TLR4 
CD61/ITGB3 
 
F13A1 
GP9 
vWF 
PF4 
VTN 
WAS 
IL10RA 

Day P.I. 

↓ ↑ 0 

differential regulation 

Blood coagulation was found to be associated with 
unique, treatment-specific expression profiles.  

Significant differential expression was observed in 228 
probes (146 genes) (A).  Transcript levels of genes that 
promote coagulation (e.g. platelet factor 4) increased 
during late infection in untreated animals, and was down-
regulated in treated animals.  There were distinguishable 
differences between the expression profiles for the 
treatment groups (B & C).  In both treatments, the profiles 
of survivors were associated with a sustained up-
regulation of the Factor VIII gene in late-stage infection; 
this is not observed in untreated animals. 

E, Early infection (Day 3); L, Late infection (Days 6-9); 
Ext, Extended infection (Day 10+). 

The genome-wide transcriptional response of blood leukocytes to EBOV 
infection is characteristic of infected animals, and is associated with a 
unique expression profile dependent on treatment or disease outcome. 

The overall temporal gene expression profile was similar to earlier 
studies [10] and showed the typical early-infection up-regulation of 
innate immune response; overall immune response to EBOV infection 
was similar regardless of treatment. This suggests that treatment does 
not radically change the circulating immune response to Ebola infection. 

There are discernable differences in the immune response of infected,  
untreated animals when compared to treated animals.  Although a clear, 
unique response to either rNAPc2 or rhAPC treatment was not observed, 
the results suggest that controlling coagulopathy through protein 
inhibitors of the coagulation pathway has an effect on the immune 
response on a transcriptional level.  This is supported by a clear effect of 
treatment on genes associated with blood coagulation. 

Of particular interest is the gene signature that distinguishes between 
treated, surviving animals and treated, non-responding animals , which 
can be detected as early as Day 3.  This signature suggests that it is 
feasible to identify unique sets of biomarkers that can detect early 
pathogenesis and predict disease severity and outcome. 

 

Ebola virus (EBOV), a member of the Filoviridae, causes severe and often lethal 
hemorrhagic fever in humans and nonhuman primates [1]. It is believed that 
an important aspect of the pathogenesis of this virus is the dysregulation of the 
normal host immune responses and the development of coagulopathies [2].  
Currently, there are no approved preventive vaccines or post-exposure 
treatments [3].  Previous studies indicate that two proteins 

rNAPc2 blocks activation of  FX by the 

TF:FVIIa complex.  rhAPC is a serine protease 

that proteolytically inactivates FVa and FVIIIa. 
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Contact Pathway 
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Background information 

There are differences between survivors & non-survivors 

Unique gene expression profiles indicate differences 
between surviving and non-surviving animals. 

Significant differential expression was observed in  70 
probes (64 genes) during early infection (A), and in 160 
probes (147 genes) during late infection (B).  In early 
infection, survivors had increased transcript abundance for 
chemokine-associated genes, whereas non-survivors did 
not; in contrast, the defense and immune response was not 
as strong in survivors as it was in non-survivors.  Similarly, 
genes associated with vesicular trafficking were strongly 
down-regulated in non-survivors, but not in survivors.  Late 
infection was marked by increased transcript abundance for 
genes associated with defense and inflammatory responses, 
particularly in non-survivors.  Expression of coagulation-
related genes was decreased in untreated animals, and 
down-regulated in treated animals regardless of survival. 

UT, Untreated (control) animals; NR, Non-responsive 
(non-surviving) animals; S, Surviving animals 
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