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BACKGROUND & AIMS

Shortened current direct-acting antiviral (DAA) therapies
while less expensive, have not provided satisfactory
efficacy in naïve cirrhotics, treatment experienced non-
cirrhotics or even genotype-3 (GT3)-infected patients.
Since DAA regimens consist of the same classes of
inhibitors - NS5A (NS5Ai) and NS5B (NS5Bi) +/- NS3 (NS3i)
inhibitors - it is likely that their costs will be high and will
provide similar degrees of protection. Integrating drugs
with distinct mechanisms of action (MoA) into DAA
regimens could provide the solution for shortening the
period of treatment. One such class of agents is the
cyclophilin inhibitors (CypI), which has shown efficacy in
patients. Resistance-associated variants persist for years
post-treatment in patients exposed to NS5Ai or NS5Bi who
fail to achieve a sustained virologic response, impairing
their chance for cure on retreatment with existing DAA
combinations. Because of their high barrier to resistance,
CypI may be particularly useful as a rescue therapy for
patients who have relapsed with DAA resistance-
associated variants.

SUMMARY

The non-immunosuppressive STG-175 possesses a high (EC50 11.5-38.9 nM)
multi-genotypic (GT1a to 4a) anti-HCV activity. STG-175 clears cells from HCV
since no viral rebound was observed after cessation of drug treatment. It
presents a higher barrier to resistance than other CypI or selected DAAs. HCV
variants, which emerged under STG-175 pressure, are only ~2-fold resistant to
the drug. No cross-resistance was observed with DAAs STG-175 was
efficacious against DAA-resistant HCV variants. Drug combination studies
revealed that STG-175 provides additive and synergistic effects against GT1a
to 4a. STG-175 inhibits the infection of HCV, HIV-1 and HBV in mono-, dual-
and triple-infection settings.
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METHODS

In this study, we analyzed the anti-HCV properties of the
novel cyclosporine A (CsA) derivate - STG-175 – using a
panel of in vitro assays including mono- and co-infection
assays, viral clearance and rebound assays, and viral
resistance and cross-resistance assays.

We thank the AIDS Depository for the primary HIV-1 virus JR-CSF, F. Chisari for the Huh7.5.1 cells, C. Rice
and J. Bukh for the GT3a and GT4a Huh7.5 cell lines, T. Pietschmann, T. Wakita and R. Bartenschlager for the
Luc-JFH-1 plasmid and the Huh Luc-Neo Con1 cell line, W. Delaney for the GT1a cell line, and Christoph
Seeger for the HepAD38 cells. This work was supported by the U.S. Public Health Service grants no.
AI087746 and AI105007 (P.A.G.) from the National Institute of Allergy and Infectious Diseases (NIAID) and a
Special Funding Project 2179 from S & T Global, Inc.

Characterization of the Anti-HCV Activities of the New Cyclophilin Inhibitor STG-175

Contact Information
Philippe Gallay can be contacted via email at 
gallay@scripps.edu; Zhuang Su can be contacted 
via email at zhuang.su@stglobalinc.com

Figure 1. Anti-PPIase and immunosuppressive activities of STG-175.

Inhibition of CypA (A) and CypD (B) isomerase activities were assessed 

using the α-chymotrypsin-coupled assay [24]. C. Jurkat IL-2 promoter-

betagalactosidase cells were activated with PMA. DMSO, STG-175, CsA, 

ALV or SCY-635 were added together with PMA and enzymatic activity 

quantified after 24 h. 

Figure 2. Anti-HCV activities of STG-175 among GTs.

A. Replicon-containing cells were exposed to drugs. Luciferase activity was 

quantified after 72 h. B. A similar experiment was conducted with GT1b 

replicon in 0, 5, 10, 20 and 40% of human serum. C. As illustration of the lack 

of cellular cytotoxicity of STG-175, cell viability of GT2a replicon toward 

increasing doses of STG-175 was analyzed by alamarBlue® cell viability 

assay. D. EC50s and CC50s were quantified.

Figure 3. Replicon clearance, replication rebound and resistance 

analyses. A. Clearance and replication rebound: Con1 replicon Huh-7 cells 

were passaged 7 times in the presence of STG-175 or CsA. Then drugs were 

removed to allow viral replication rebound to occur. At each passage, 

samples of cells were collected and HCV RNA levels quantified. B. 

Emergence of resistance: Con1 replicon Huh-7 cells were passaged 22 times 

in the presence of STG-175 or selected DAAs. C. Same as B except that 

STG-175, ALV and CsA were compared. D. Degree of resistance of STG-

175-resistant colonies: STG-175-resistant colonies, which emerged under 

drug selection, were analyzed for their resistance to STG-175. E. Degree of 

resistance of D320E and Y321N Con1 variants: Left panel. Wild-type (WT), 

D320E and D320/Y321N NS5A Con1 RNA were electroporated into Huh7.5.1 

cells. Right panel. Same as just above except that STG-175 were added at 

the time of the electroporation. 

Figure 4: Cross-resistance analyses. Wild-type (WT), D320E and 

D320/Y321N NS5A Con1 RNA were electroporated into Huh7.5.1 cells with 

boceprevir (A), telaprevir (B), daclatasvir (C), sofosbuvir (D) and STG-175 

(E), and levels of HCV RNA quantified 8 days post-electroporation. 

F. Same as A-F, except that cells were electroporated WT, NS5Ai-resistant 

(L31V), NS3i-resistant (R155Q/A156T) and NS5Bi-resistant (S282T) Con1 

HCV RNA variants in the presence of SGT-175. 

A. Mono-infection. Left panel. 

PBMCs were exposed to HIV-1 JR-

CSF together STG-175 for 3 h, 

washed and replication monitored 

by HIV-1 p24 ELISA. Middle panel. 

Huh7.5.1 cells were exposed to 

HCV JFH-1 for 3 h, washed and 

replication monitored by HCV core 

ELISA. Right panel. NTCP-Huh7 

cells were exposed to HBV AD38 

for 3 h, washed and replication 

monitored by HBV HBeAg ELISA. 

B. Dual-infection. Left panels. Same 

as A, except that mixed PBMCs and 

Huh7.5.1 cells were exposed to 

both HIV-1 and HCV. Middle panels. 

Same as A, except that mixed 

NTCP-Huh7 and Huh7.5.1 cells 

were exposed to both HBV and 

HCV. Right panels. C. Same as A, 

except that mixed PBMC and 

NTCP-Huh7 cells were exposed to 

both HIV-1 and HBV. C. Triple-

infection. Same as A, except that 

mixed PBMCs, NTCP-Huh7 and 

Huh7.5.1 cells were exposed to 

HIV-1, HBV and HCV altogether. 

DMSO, STG-175 or ALV was added 

to cells either together with viruses 

(top panels) or 3 days after virus 

addition and then every 3 days 

(bottom panels). 

Figure 5. Drug combination analyses. Drugs were tested in pairs in 7 

concentrations around calculated EC50 in each replicon cell lines (GT1-4). 

Cell viability and reporter assays were carried out in 5 replicates and 

normalized data was used to measure the additive, synergistic and 

antagonistic effect between drug combinations using the mathematical model 

MacSynergyII. For each plot, the data was based on the 95% confidence 

interval for the dose-response values using MacSynergyII. 

Figure 6. Mono- and co-infection 

analyses




