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ABSTRACT

Intestinal barrier dysfunction or the loss of the 
epithelial integrity allowing the permeation of 
microorganisms, dietary antigens and other 
particles into the gastrointestinal (GI) mucosa 
results in the activation of the immune system 
and drives inflammation during Inflammatory 
Bowel Disease (IBD). Ongoing inflammation 
in the GI tract and loss of the mucosal barrier 
are key features of active disease and predict 
relapse and serious complications. Existing 
drugs approved in IBD have limited effects 
on endoscopic remission and improvement 
in mucosal healing, driving a critical need for 
therapies which lead directly to mucosal healing. 
We have identified a microbial protein,  
SG-2-0776, that directly improves barrier function 
and reduces fibrogenesis in vitro and in vivo 
with potential to become a driver of mucosal 
healing. SG-2-0776 was identified through a 
novel algorithm, multi-technology meta-analysis 
(MTMA), using mucosal biopsies from Ulcerative 
Colitis (UC) patients and control subjects. Two 
bacterial strains, Eubacterium eligens and 
Roseburia hominis were significantly reduced 
in UC samples. Screening of proteins predicted 
to be secreted from these strains using in vitro 
transepithelial/endothelial electrical resistance 
(TEER) and wound healing assays, identified 
SG-2-0776, a novel protein, which significantly 
improved epithelial barrier integrity and reduced 
fibrogenesis. Administration of recombinant 
SG-2-0776 protein showed improvement in 
intestinal barrier function, reduced inflammation 
and fibrosis in rodent models of colitis. Moreover, 
SG-2-0776 was expressed in Lactococcus 
lactis as a delivery vehicle and administered 
orally to act locally for therapeutic effects in 
these models of colitis. Mechanism of action 
studies demonstrated that SG-2-0776 interacts 
with extracellular matrix proteins regulating 
myofibroblast differentiation, leading to 
reduced fibrogenic phenotypes. Altogether, 
these results demonstrate SG-2-0776 has the 
potential, as a standalone or adjunct therapy 
to existing treatments, to ameliorate mucosal 
barrier function and prevent fibrogenesis in IBD 
patients.
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SUMMARY

• SG-2-0776 is a novel protein that originated from a 
gut microbe that is more abundant in the mucosa 
of control patients compared to IBD patients.

• SG-2-0776 improves barrier function and disease 
endpoints including fibrogenic markers in 
preclinical IBD models. 

• SG-2-0776 has efficacy when delivered orally via 
expression on a GRAS and probiotic strain (L. lactis).

CONCLUSION

• SG-2-0776 is a novel protein that induces direct 
mucosal healing and has the potential to become 
a differentiated therapeutic agent in IBD to treat 
patients with inadequate responses to standard  
of care.

• SG-5-00455 enables the gut targeted delivery of SG-2-0776.

• We expect to file IND in 2022 and begin clinical development in 
IBD in 2023.

FIGURE 1. 
Second Genome mucosal healing discovery program

FIGURE 3.
SG-2-0776 improves DSS-induced colitis and intestinal barrier function

FIGURE 6.
Oral administration of SG-5-00455 improves disease pathology in DNBS-induced colitis

SG-5-00455 mucosal healing program 

SG-5-00455 modulates 
specific targets regulating 
the fibrinolysis pathway 
to drive tissue repair and 
mucosal healing

FIGURE 4.
SG-2-0776 treatment reduces fibrosis in DSS-induced colitis mice

FIGURE 5.
SG proprietary 
drug delivery 
system via  
L. lactis

FIGURE 2. 
Health-associated bacterial strains and their proteins improve 
barrier function
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We set out to address a high unmet need in patients with gastrointestinal disorders by discovering a 
protein(s) expressed by healthy microbiome to restore mucosal homeostasis and develop that protein(s) 
into a naturally derived, safe and potent therapy to improve outcomes for patients. 

Proteins from E. eligens and R. hominis bacterial proteins were tested for effects on TEER. 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. The control 
is not treated with heat-killed (HK) E. coli. MLCK is the positive control (MLCK inhibitor). SG-2-0045 
showed improvement in TEER measurement and was selected as a lead candidate. 

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

• SG-2-0776 has a dose dependent effect on 
clinical score, and colon weight/length.

• Treatment with SG-2-0776 results in 
therapeutic effects comparable to Gattex.

• SG-2-0776 has a dose dependent effect 
on barrier function as observed by 
improvements in LBP measurements. 

• Pooled data from distal colon lysates 
showed reduction of fibrosis related 
gene expression with SG-2-0776 
treatment compared to vehicle 
treatment.

• Sirius red staining for collagen shows 
a reduction in collagen layer thickness 
with SG-2-0776 treatment compared 
to vehicle treatment.

• SG-2-0776 treatment prevents colon 
fibrosis in DSS-induced colitis mice.

SG-5-00455 shows 
efficacy in clinical 
score reduction 
and improvement 
in intestinal barrier 
function

Why L. lactis  delivery system
• Clinical success with other L. lactis drug delivery  

systems (ActoBio)

• Direct gut delivery,  non-systemic

• L. lactis is Generally  Regarded As Safe (GRAS) by 
the Food and Drug Administration 

• Clear regulatory pathway

• Probiotic

Using a 6 day (dextran sulfate 
sodium) DSS colitis model, strains 
were dosed by oral gavage twice 
daily. Gly2-GLP2 was used as 
a clinically validated positive 
control. Combined treatment of 
E. eligens and R. hominis showed 
improvement in clinical endpoints 
such as colon weight/length, as well 
as barrier function as measured by 
FITC-dextran permeability. 

*indicates p<0.05 compared to  
DSS + vehicle. 

Meta-analysis of 16S rRNA gene 
profiles by PhyloChip and 
sequencing from 7 cohorts 
identified E. eligens and R. hominis 
as significantly more abundant 
in control patients compared to 
IBD patients. Dotted line indicates 
p-adj = 0.05. 

An optimized version of SG-2-0045, 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.  Mice were acclimated for 1 week before 
insult with 2.5% DSS was introduced. 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.  

(A)  At the end of 6 days, mice were euthanized and clinical readouts were assessed including clinical score, colon length, and colon weight.   

(B) Intestinal permeability was measured through serum LPS binding protein.

(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. 

(B)  At the end of 14 days, mice were euthanized, and relative clinical readouts were assessed including clinical score, colon length, and colon weight.  

(C)  Intestinal permeability was measured through serum LBP.  

*indicates p<0.05, **indicates p<0.01, ***indicates p<0.005, ****indicates p<0.0001.

(A)  Distal colons of mice treated in a DSS colitis model from 2 replicate studies were homogenized in RNA lysis extraction buffer. Debris was removed and supernatants were used to isolate RNA. RNA was reverse 
transcribed and quantified using qRT-PCR. Calculations were performed using the double delta C(t) method.  

(B)  Distal colons of mice treated in a DSS colitis model from 2 replicate studies were prepared, mounted, and Sirius read stained for collagen layer thickness. Using an imaging microscope, 5-10 images were 
taken per colon sample and 10 points of measure were taken per image. The points of measure were first averaged for a single image followed by an average of the 10 images to give a colon sample a single 
value. Each data point graphed represents one colon sample.  

**indicates p>0.002, ***indicates p>0.0002, ****indicates p>0.0001 

L. lactis is a nonpathogenic, noninvasive, non-colonizing Gram-positive bacterium, mainly used to produce fermented foods.  It is generally regarded as safe (GRAS) status by the Food and Drug Administration 
(FDA) and widely used as a probiotic. L. lactis subsp. cremoris MG1363 is a plasmid-free and phage-cured derivative of the dairy starter strain NCDO712-lacking extracellular proteases (ensuring protein 
protection) and has safety demonstrated in clinical trials (e.g. NCT00729872). This L. lactis strain was successfully engineered to express and deliver SG-2-0776 on its cell membrane resulting in the new strain  
SG-5-00455.. SG-5-00455 has further been engineered for increased viability with the accumulation of trehalose, as was shown for other microorganisms. 
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Indication:
Inflammatory bowel diseases 
(IBD)

Administration:
oral, via engineered L. lactis

Goal:
achieve mucosal healing

Discovered:
Healthy human microbiome

Peptide: SG-2-0776

Target: Fibrinolysis pathway
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