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Conclusions

1) �GI-5005 triple therapy subjects with IL28B T/T genotype had the greatest advantage in SVR as well as IFNg 
ELISpot assay, indicating that GI-5005 is compensating for a deficit in T cell immunity in these subjects.

 2) �SOC IL28B T/T subjects had notably poorer virologic and IFNg ELISpot responses than SOC C/C and 

C/T patients, indicating that the fundamental deficit in these patients is one of cellular immune response.

 3) �The relationship of GI-5005 immune and virologic response to IL28B status suggests an alternate 

model of pathogenesis for chronic HCV where differences in HCV specific cellular immunity play a 

major role in driving sustained response to antiviral therapy.

The consistency of the clinical immunology and virologic data provides further confidence in  the SVR 

advantage observed  in this phase 2 clinical trial. 

IL28B genotype is well balanced in GI-5005-02
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Study Design; Arm 1- (n naïve=50, n T/T=6) 5 weekly followed by 2 monthly SC injections of 40YU  

GI-5005 (1YU=107 yeast), followed by 40YU GI-5005 monthly + SOC for 48 weeks or; Arm 2-  

(n naïve=46, n T/T=5) SOC alone. Subjects were tested for virologic, biochemical, histologic, and 

immunologic response as well as IL28B genotype.

IL28B genotype and response to therapy

IL28B genotypes predict spontaneous clearance of HCV (16), and response to pegIFN/ribavirin therapy 

(17). The role of IL28B in acute clearance of HCV strongly suggests that it is a marker of cellular immunity. 

IL28B testing in GI-5005-02 showed excellent balance between the GI-5005 triple therapy and SOC groups. 

Important differences were noted for the different IL28B genotypes related to the timing and magnitude of 

HCV specific cellular immunity as measured by IFNγ ELISpot assay.  GI-5005 triple therapy improved HCV 

specific cellular immunity as measured by IFNγ ELISpot assay in all IL28B subgroups (C/C; 43% vs 33%, 

C/T; 44% vs 32%, T/T; 67% vs 0%) as well as end of treatment viral clearance (C/C; 84% vs 76%, C/T; 

69% vs 54%, T/T; 60% vs 20%) and SVR in C/C (74% vs 65%) and T/T groups (60% vs 0%). The greatest 

favorable treatment effect for GI-5005 was observed in the T/T group (ETR +40% and SVR +60%). The 

low levels of HCV specific cellular immune responses measured in the SOC IL28B T/T group suggest that 

poor cellular immunity may be the most significant deficit in these patients, and point to new models of 

pathogenesis and response to antiviral therapy.

Introduction

The majority of patients exposed to HCV develop chronic infection. However, approximately 20% 

are able to clear their infection during the acute phase without medical intervention. A strong HCV-

specific T cell response has been associated with spontaneous resolution of infection. (1) Achievement 

of sustained virologic response (SVR) depends on the patient’s ability to clear infected cells from the 

liver and requires long periods of antiviral suppression by standard of care (SOC) to allow a weak host 

immune response sufficient time to completely eliminate HCV infected cells. Substantial gains in the 

treatment of HCV could be achieved through a combination approach that inhibits viral replication 

(SOC or small molecule antivirals) and enhances HCV-specific cellular immune responses (GI-5005).

The GI-5005 Tarmogen® product consists of recombinant S. cerevisiae yeast expressing large conserved 

regions from HCV NS3 and Core proteins. The GI-5005-02 phase 2 study, described herein, is the first 

clinical study evaluating GI-5005 in combination with SOC versus SOC alone. We have previously shown 

in GI-5005-02 that GI-5005 plus SOC improved virologic, biochemical, and histologic responses, with 

particular virologic improvement in IL28B T/T patients. Presented here are the results of immunology 

testing in naïve patients grouped by IL28B genotype.
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The graph shows a representative example of the response to the overlapping (non-optimized) peptide pools for one T/T 
subject (169) in the Triple therapy arm. The increase from baseline at multiple timepoints in IFNγ producing cells per million 
PBMCs (y axis) is plotted against the peptide pools that were used for stimulation (x axis). 
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Immunology background
Tarmogens are whole, heat-killed recombinant S. cerevisiae yeast modified to express one or more 

protein targets that are disease specific: conserved viral proteins, mutated cancer antigens, or 

overexpressed cancer antigens. Tarmogens stimulate both the innate and antigen-specific arms of the 

immune system to produce a highly specific and potent T cell response against the diseased cell, with 

little or no impact on healthy cells. (2) Tarmogens are administered to patients subcutaneously. 

Tarmogens activate innate immunity via ‘danger’ signals at the site of injection:

•	 taken up by antigen presenting cells (APCs), such as dendritic cells (DCs)

•	 mimic microbial infection and are recognized via pattern recognition receptors 

	 - Toll-like receptors (3) 

	 - phagocytic receptors, such as dectin-1 and mannose receptors (4, 5)

	 - activate APCs; migrate to draining lymph nodes/secrete cytokines (6, 7)

Tarmogens activate adaptive immunity systemically via antigen processing:

•	 target antigens are degraded into short peptides inside APCs 

	 - presented on APC surface to killer T cells (CD8) via MHC class I 

	 - presented on APC surface to helper T cells (CD4) via MHC class II

•	 two opposing CD4+ T cell pathways are activated by fungi 

	 - helper (Th1) T cells, driven by IL12 and assist CD8+ T cell activation

	 - Th17 T cells (8, 9, 10), driven by IL6 

Activation of Th17 improves effector/suppressor T cell ratios 

•	 activation of Th17 reduces production of suppressive regulatory T cells (Tregs)

	 - �Tregs have been implicated in down-regulation of protective immune responses in chronic HCV (11)

•	 Th17 cells produce IL21, a cytokine that enhances the longevity of CD8+ T cells

Tarmogens are unique immunotherapeutics that activate effector T cells and reduce the number and 

functionality of immuno-suppressive regulatory T cells. (12, 13)

ELISpot methods and response algorithm

ELISpot immune analysis

•	 peripheral blood mononuclear cells (PBMCs) cryopreserved until assay

•	 all timepoints from a subject assayed on same day (longitudinal analysis)

•	 PBMCs thawed and incubated with HCV peptides ex vivo 

	 -  panel of 407 overlapping peptides (15 to 20 mers) spanning all expressed HCV proteins

	 -  �second panel of 93 peptides (8 to 12 mers) identified as cognate peptides for  

human CD8+ T cell responses 

T cell response analyzed by IFNγ production (hallmark of T cell activation)

•	 phorbol myristate acetate (PMA) plus ionomycin added as a positive control

•	 medium alone added to six replicate wells to generate control background values

•	 enumeration of cells (or “spots”) per million PBMCs that produce IFNγ 

•	 �scores adjusted by subtracting the average background value from each peptide pool and also by 

correcting the peptide pool score at each timepoint by subtraction of the baseline value for that given 

peptide pool 

Definition of categorical immune response

An algorithm was pre-specified to evaluate the IFNγ T cell response in terms of breadth, duration and 

magnitude since it has been previously shown that acutely infected HCV subjects generate T cell responses 

that are robust in magnitude and show broad HCV epitope recognition (1, 14, 15).

ELISpot Response Algorithm

For a subject to be deemed a responder, the following stringent criteria had to be met.

Overlapping (non-optimized) peptide ELISpot:

•	 15 or more pools > 25 spots at one visit

•	 �Or at least 10 pools > 25 spots at one visit with at least 2 pools positive (> 25) on more than one on-

treatment measurement

•	 Or at least 5 pools > 25 spots at one visit with at least one pool > 150 spots

Non-overlapping, discrete (optimized ) peptide ELISpot:

•	 4 or more pools > 75 spots at one visit

•	 �Or at least 2 pools > 75 spots with at least 1 pool positive (> 75) for more than  

one on-treatment measurement

•	 Or at least 2 pools > 75 spots with at least 1 pool > 150 spots

The IFNγ responses were evaluated by different treatment periods through Run-in (GI-5005 treated subjects 

only), triple therapy or SOC and the post treatment follow-up period.

Naïve IL28B T/T subjects GI-5005 plus SOC vs SOC alone

Hypothetical model of Tarmogen effects on immune 
mediated hepatic clearance

1)  �SOC alone: SOC inhibits viral replication, but hepatic clearance is poor due to low numbers of HCV 

specific CD4+ and CD8+ T cells in the liver and suppression of these effector T cells by suppressive 

regulatory T cells (Tregs).

2)  �GI-5005 plus SOC: activates the number and functionality of effector CD4+ and CD8+ T cells in the 

liver. Also reduces the number and functionality of Tregs via the Th17 pathway, further unbridling the 

favorable CD4/CD8 effects. Th17 cells also produce IL21, which increases the longevity of CD8+ T cells.

 

TGF b
TCR

Apoptosis

Receptor-mediated 
uptake by phagocytes

Proinflammatory cytokines

Chemokines

Class I MHC

IFN
regulated
proteins

HCV

Ribavirin

Effective
clearance of 
infected hepatocytes
high rate SVR

HCV-infected
hepatocyte

 

HCV-infected
hepatocyte

TGF b blocks
CD8 function

Ineffective
clearance of 
infected hepatocytes
low rate SVR

Ribavirin

HCV

HCV

IFN
regulated
proteins

Class I MHC

TCR

Apoptosis

SOC alone

GI-5005 plus SOC alone



Poster references 

1. �Rehermann B, Chisari FV. Cell mediated immune response to the hepatitis C virus. Current 
Topics in Microbiology and Immunology (2000) 242: 299-325.

2. �Munson S., et al. “Coupling Innate and Adaptive Immunity with Yeast-Based Cancer 
Immunotherapy” Chapter 9; Cancer Vaccines and Tumor Immunity. January 2008.

3. �Roeder A., et al. Toll-like receptors and innate antifungal responses. Trends in Microbiology 
(2004) 12: 44-49.

4. �Underhill DM., Gantner B. Integration of Toll-like receptor and phagocytic signaling for 
tailored immunity. Microbes and Infection (2004) 6: 1368-1373.

5. �Romani L., et al. Fungi, dendritic cells and receptors: a host perspective of fungal 
virulence. Trends in Microbiology (2002) 10: 508-514.

6. �Bernstein M., et al. Recombinant Saccharomyces cerevisiae (yeast-CEA) as a potent 
activator of murine dendritic cells. Vaccine (2008) 26: 509-521.

7. �Remondo C., et al. Human dendritic cell maturation and activation by a heat-killed recombinant 
yeast vector encoding Carcinoembryonic antigen. Vaccine (2009) 27: 987- 994.

8. �Langrish CL., et al. IL-23 drives a pathogenic T cell population that induces autoimmune 
inflammation. Journal of Experimental Medicine (2005) 201: 233-240.

9. Bellgrau D. Personal communication.

10. �Hunter CA. New IL-12-family members: IL-23 and IL-27, cytokines with divergent functions. 
Nature Reviews Immunology (2005) 5: 521-531.

11. �Hall, CH., et al. HCV+ hepatocytes induce regulatory CD4+ T cells through the production 
of TGF-beta. PLoS One (2010) 5: e12154.

12. �Wansley E., et al. Vaccination with a recombinant Saccharomyces cerevisiae expressing 
a tumor antigen breaks immune tolerance and elicits therapeutic antitumor responses. 
Clinical Cancer Research. (2008) 14: 316-4325.

13. �Haller A., et al. Whole recombinant yeast-based immunotherapy induces potent T cell 
responses targeting HCV NS3 and Core proteins. Vaccine (2007) 25: 1452-1463.

14. �Lauer GM., et al. High resolution analysis of cellular immune responses in resolved and 
persistent hepatitis C virus infection. Gastroenterology (2004) 127: 924-936.

15. �Lechner F.,et al. Analysis of successful immune responses in persons infected with 
hepatitis C virus. Journal of Experimental Medicine (2000) 191: 1499-1512.

16. �Thomas DL., et al. Genetic variation in IL28B and spontaneous clearance of hepatitis C 
virus. Nature (2009) 461: 798-801.

17. �Ge D., et al. Genetic variation in IL28B predicts hepatitis C treatment-induced viral 
clearance. Nature (2009) 461: 399-401.

Tarmogens are whole, heat-killed recombinant Saccharomyces cerevisiae 

yeast modified to express one or more protein targets that stimulate 

the immune system against diseased cells. The target antigens are 

markers of diseased cells and can be conserved 

viral proteins, mutated proteins unique to cancer 

cells, or proteins over-expressed in cancer. To 

create a new Tarmogen, DNA encoding target 

protein antigens is engineered into a yeast 

expression plasmid. The heat-inactivated yeast, 

with the target protein inside, is administered as 

the Tarmogen product. Tarmogens stimulate the 

innate and antigen-specific immune system to 

produce a highly specific and potent T cell response against the diseased 

cell, with little or no impact on healthy cells.1

Tarmogens are administered subcutaneously and are avidly taken up by 

antigen presenting cells (APCs), such as dendritic cells and macrophages in 

a process mediated by Toll-like receptors (TLRs) found on the cell surface. 

Uptake of Tarmogens activates the APCs and results in their migration to 

lymph nodes and their production of immune-stimulating cytokines.2,3

Tarmogens are degraded inside APCs within hours and the target 

antigens are presented by MHC class I and II receptors on the APC 

surface. Tarmogens are initially digested in phagosomes, whereupon 

the antigens are delivered to the cytosol, and these proteins are cleaved 

by proteasomes into small peptides. These small peptides are loaded 

into newly folded MHC class I receptors in the secretory pathway of the 

APC. The peptide-MHC I receptor complex is shuttled to the surface of 

the APC, where the antigenic peptides are presented to CD8+ killer T 

cells (causing activation of these cells). Tarmogens are also digested in 

endosomes, and the product-associated peptides are loaded into MHC 

class II receptors for antigen presentation to CD4+ helper T cells (causing 

activation of these cells).2,3

Therapeutic benefit from the Tarmogen is 

driven by the targeted activation of the immune 

system. Tarmogens activate killer T cells 

capable of locating and destroying the target 

cancer or virally-infected cells. Repeated 

dosing with Tarmogens further increases 

the number of T cells available to eliminate 

diseased cells. In summary, Tarmogens 

couple the innate immune response to yeast 

with potent activation of antigen-specific 

cellular immune responses against cancer 

cells or virally infected cells.3-4

1 �Munson et al. “Coupling Innate and Adaptive Immunity with Yeast-Based Cancer Immunotherapy” 
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Active immunotherapy with yeast-based Tarmogens

Background and aims: GI-5005 is a therapeutic vaccine that elicits 

HCV-specific T-cell responses. An earlier report from this study 

(J Hepatol. 2010; 52: S45) showed an improved rate of sustained 

virological response (SVR) in IL28B T/T subjects receiving GI-5005 + 

SOC compared to SOC alone. This abstract describes the impact of 

GI-5005 on HCV-specific T-cell responses in subjects with the IL28B 

T/T genotype.

Methods: Arm 1- (n=50, n
T/T

=6) 5 weekly followed by 2 monthly SC 

injections of 40YU GI-5005 (1YU=107 yeast), followed by 40YU GI-

5005 monthly + SOC for 48 weeks or; Arm 2- (n=46, n
T/T

=5) SOC 

alone. Subjects were tested for IL28B genotype. HCV-specific T-cell 

activation was analyzed by interferon-γ ELISpot assay of peripheral 

blood mononuclear cells (PBMCs) stimulated ex vivo with HCV 

peptide antigens.

Results: 1) In SOC subjects, HCV-specific cellular immune responses 

were up to 17-fold lower in IL28B T/T subjects compared to other 

IL28B subgroups (0.4 vs 6.6 T-cells/106 PBMCs/well).

2) In GI-5005 + SOC subjects, HCV-specific cellular immune 

responses were up to 5-fold higher in IL28B T/T subjects compared to 

other IL28B subgroups (47.5 vs 8.9 T-cells/106 PBMCs/well). 

3) HCV-specific T-cell responses were increased by up to 10-fold in 

IL28B T/T subjects receiving GI-5005 + SOC compared to SOC alone 

(47.5 vs 4.5 T-cells/106 PBMCs/well; see Figure).

4) Improved HCV-specific immunity in GI-5005 +SOC treated IL28B 

T/T subjects correlated with the previously reported improvement in 

SVR (60% vs. 0%) compared to IL28B T/T subjects treated with SOC 

alone. 

Conclusions: HCV specific T-cell responses are depressed in IL28B 

T/T subjects receiving SOC. HCV-specific T-cell responses were 

increased by 10-fold in IL28B T/T subjects receiving GI-5005 + SOC 

compared to SOC alone. GI-5005 + SOC can overcome and improve 

the blunted HCV-specific T cell responses in subjects with the IL28B 

T/T genotype and could redefine therapy for this subgroup of patients 

who are refractory to SOC.
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