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ABSTRACT
In Inflammatory Bowel Disease (IBD), intestinal barrier 
dysfunction and epithelial cell injury are believed to 
activate the immune system to drive disease-associated 
inflammation, which together constitute key features of 
active disease. A majority of approved IBD treatments act via 
suppression of components of the immune or inflammatory 
systems but do little to directly promote mucosal healing 
and improve endoscopic remission, identifying a critical 
unmet need for patients. Furthermore, predicting which 
patients may benefit the most from therapeutics that 
modulate mucosal healing to complement existing 
standards of care may augment response rates.

We used a unique and proprietary multi-technology 
platform combining meta-analysis (MTMA) and a curated 
reference database (StrainSelect) to identify microbiome 
constituents from healthy individuals that are either missing 
or deficient in IBD patients. From the genomes of these 
strains and using metagenomic assemblies, a peptide 
library was generated and assessed in cellular assays and 
animal models of epithelial injury, with the goal of 
identifying novel therapeutics that have the potential to 
directly influence mucosal healing. The proteins we 
identified were further optimized to increase their potency, 
manufacturability, and stability. Mechanism of action 
studies using computational and laboratory-based methods 
to analyze gene expression and direct molecular 
interactions with human proteins, enabled the identification 
of pathways modulated by the candidate molecules. These 
pathways were further evaluated for the ability to identify 
potential biomarkers in specific patients most suitable for 
treatment in a precision medicine approach.

We have identified a novel, healthy microbiome-derived 
protein (SG-2-0766) that demonstrated robust activity in 
human epithelial injury assays in vitro and in vivo. 
Mechanism of action studies revealed interaction with and 
modulation of fibrinolysis pathway regulator, plasminogen 
activator inhibitor 1 (PAI-1) which was also found to be 
upregulated in IBD patient samples in multiple clinical 
cohorts. For selective gastro-intestinal (GI) targeting via oral 
administration, the SG-2-0766 protein was engineered to be 
expressed and displayed on the cell surface of the probiotic 
Lactococcus lactis (L.lactis) as SG-5-00455. In vivo, 
administration of SG-5-00455 demonstrated activity in  
DSS- and DNBS-induced models of colitis in mice. SG-5-
00455 was gut-restricted (data not shown), reduced 
pathology scores, inflammation and barrier function levels 
comparable to those obtained by glucagon-like peptide 2 
(GLP-2), as well as improved dysregulated tissue repair and 
fibrosis-associated gene expression and proteins levels. 

SG-5-00455, through its novel mechanism of action and  
oral delivery to directly target tissue repair pathways in the 
GI-tract, offers the potential to address a significant unmet 
medical need in the treatment of IBD. Moreover, 
bioinformatic analysis indicates that we can identify a 
subset of patients for which tissue injury and repair is 
dysregulated and would likely benefit the most from 
therapeutics such as SG-5-00455.

SUMMARY
• SG-2-0776 is a novel protein that demonstrated improvement in barrier 

function and inhibits fibrogenic markers.

• SG-2-0776  targets PAI-1 resulting in higher tPA activity. 

• SERPINE1 (PAI-1) is upregulated and linked to IBD.

• Oral SG-5-00455 (L. lactis expression SG-2-0776) demonstrated efficacy in 
multiple IBD models.

CONCLUSIONS
• SG-5-00455 is a novel protein that has demonstrated mucosal healing through 

the modulation of PAI-1 activity. 

• SG-5-00455 has the potential to become a first-in-class treatment in IBD for 
patients with inadequate response to the standard of care.
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FIGURE 1. 
Discovery and development workflow

FIGURE 3. 
SG-2-0776 binding and blockade of plasminogen activator inhibitors 1 & 2 (PAI-1/2) 

FIGURE 4. 
SG-2-0776 prevents fibrogenic markers and epithelial-mesenchymal transition (EMT)

FIGURE 7. 
SERPINE1 (PAI-1) is upregulated in the colon of IBD patients

FIGURE 8. 
SG-5-00455 overview

FIGURE 5. 
SG-5-00455 in a DNBS colitis model: in vivo efficacy, pharmacodynamics, 
and pharmacokinetics

FIGURE 6. 
SG-5-00455 in a 
chronic DSS colitis 
model: dose-
dependent in vivo 
efficacy

FIGURE 2. 
SG-2-0776 improves barrier function in vitro and in vivo

SG-2-0776 was identified from 
a naturally-derived protein in 
Roseburia hominis as increased 
in non-IBD patients. 

A)  The TEER assay was done in a transwell plate with a co-culture of epithelial cells (HT29-MTX and HCT8) and U937 monocytes plated on the bottom chamber. Barrier 
disruption was initiated with IFNγ treatment on the enterocytes and followed by heat-killed E. coli in the co-culture system. Test proteins were added 6 hours before 
heat-killed E. coli and TEER was measured 24 hours after addition of heat-killed E. coli. MLCK is the positive control (MLCK inhibitor). 

* p<0.05 compared to vehicle-treated (heat-killed E. coli alone)

B)  SG-2-0776 was tested for efficacy in a 6 day DSS model of colitis with Gly2-GLP2 (Gattex) used as a clinically-validated positive control. Both Gly2-GLP2 and SG-2-0776 
were dosed intraperitoneally twice daily. Gly2-GLP2 was dosed at 50 nmoles/kg. SG-2-0776 was dosed at 16, 50, and 160 nmoles/kg. At the end of 6 days, clinical readouts 
were assessed including clinical score, colon length, and colon weight. (B) Intestinal permeability was measured through serum LPS binding protein (LBP).

A)  Binding affinity was measured on an Octet. Kobs is the sum of the association (ka) and dissociation (kdis) rate constants. It is the rate observed during the assay. 
KD~2.5μM. 

B)  A titration of SG-2-0776 was incubated with PAI-1 or PAI-2 for 1 hour followed by addition of tPA or uPA for 10 minutes. tPA and uPA activity were measured by 
addition of a chromogenic substrate. TPX = Tiplaxtinin, a small molecule PAI-1 inhibitor. 

A)  SG-2-0776 dose-dependently increases exogenous 
plasminogen activation in colon fibroblast cells 
(Ccd18-co). Cells were stimulated with TGFβ and 
treated with SG-2-0776 and plasminogen for 24 
hours prior to the activity readout.  

B)  Gene expression was measured in Ccd18-co cells 
after 3 days of stimulation and the indicated 
concentrations of SG-2-0776. 

A)  SG-5-00455 was tested for efficacy in a 14-day DNBS (dinitrobenzene sulfonic acid) model of colitis with Gly2-GLP2 used as a clinically-
validated positive control. Gly2-GLP2 was intraperitoneal dosed twice daily at 2 mg/kg. Strains were dosed at 1E+10 CFU/mouse by oral 
gavage once daily. SG-5-00455 and Gly2-GLP2 significantly improved clinical score compared to the L. lactis control strain. 

B)  The ratio of active tPA to total tPA levels were measured by ELISA in the colons of animals in the 14-day DNBS model. 

C) Gene copies were measured by quantitative PCR in 1cm of colon tissue at the indicated time points. 

PAI-1 expression 
levels can be used 
as a stratification 
biomarker to guide 
patient selection 
which we will explore 
in clinical trials.

High SERPINE1 expression in 75% of inflamed UC and in 60% of CD patients are consistent with published data. 
High is defined as the 75th percentile of SERPINE1 expression in control subjects. The graph represents a meta-
analysis of 6 cohorts. The number of biopsies is 93 for controls, 98 for non-inflamed UC, 156 for inflamed UC, 77 
for non-inflamed CD, and 116 for inflamed CD.

SG-5-00455 binds to PAI-1/2, blocking their inhibitory effects and driving tissue repair and mucosal healing

Disease was induced with 3 rounds of DSS. SG-5-00455 was dosed once or twice daily starting at day 18. Disease activity was a composite 
score of body weight loss, stool consistency and rectal bleeding. Composite endoscopic score includes colon thickening, vascular pattern, 
visible fibrin, and granularity of mucosal surface. 
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