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Heart failure with preserved ejection fraction (HFpEF) is a major health problem associated with
high morbidity and mortality, yet there are few effective therapies. Previously, we demonstrated
that TN-301 (TYA-631), a highly selective small molecule inhibitor of histone deacetylase 6
(HDAC6), has a multi-modal mechanism of action that works directly on the heart and
systematically on metabolism and inflammation. In mouse models of HFpEF, TN-301 improved
cardiac structure and diastolic function. Additionally, in diet-induced obesity mouse models,
HDAC6 inhibition resulted in improvements in glucose tolerance, insulin resistance, and
inflammation. Empagliflozin, a selective inhibitor of sodium-glucose cotransporter protein-2
(SGLT2), was recently approved in the U.S. as a therapy for patients with HFpEF, based upon
clinical trials showing it reduces the risk of cardiovascular death and hospitalization in this
population. In this study, we aimed to compare the efficacy of HDAC6 and SGLT2 inhibitors in an
established mouse model of diastolic dysfunction with preserved ejection fraction.

To recapitulate systemic and cardiovascular features of HFpEF in humans, we induced diastolic
dysfunction in mice using a combination of high fat diet (60%) and Nω-nitrol-arginine methyl ester
(L-NAME, 0.5 g/L)(1). After the HFpEF phenotype was established, mice were orally dosed daily
for 9 weeks with either 15 mg/kg TYA-018 (TN-301-like HDAC6-specific inhibitor),10 mg/kg
empagliflozin (SGLT2 selective inhibitor), or vehicle. In previous studies, these doses were
determined to be maximally efficacious doses. Echocardiography, blood glucose measurements,
and end point invasive hemodynamic analyses were performed. To better understand TYA-018
and empagliflozin underlying mechanisms of action, transcriptional changes in heart tissue from
mice with HFpEF were analyzed using bulk tissue RNA sequencing.

Methods

Results

TYA-018 Reverses Pre-existing LV Hypertrophy and Diastolic 
Dysfunction Similar to SGLT2i

TYA-018 Corrects Dysregulated Fibrosis and Oxidative 
Phosphorylation Gene Expression Better than Empagliflozin

Conclusion
Our results show that TYA-018-mediated HDAC6 inhibition reverses preexisting hypertrophy, diastolic
dysfunction, and glucose tolerance in a HFpEF mouse model, with similar efficacy to that of
empagliflozin when each was administered at maximally efficacious doses. TYA-018 treatment
significantly reduced the expression of NPPB, a well-established cardiac stress biomarker, to near
healthy levels, which was correlated with improved diastolic function. Notably, TYA-018 showed greater
effects on gene expression of multiple pathways associated with fibrosis and mitochondrial dysfunction,
both of which contribute to HFpEF pathogenesis(2). The comparable efficacy seen in this HFpEF model
with TYA-018 and empagliflozin provides early but encouraging evidence of the potential translatability of
these findings to clinical development. We are developing TN-301 for treating HFpEF in humans and will
explore its utility in individuals both with and without diabetes and metabolic syndrome.

TYA-018 Improved Fasting Glucose and Glucose Tolerance to 
Levels Similar to Empagliflozin

(A) Ejection fraction was preserved in treated and untreated HFpEF mice. (B-D) Daily oral dosing of TYA-
018 for 9 weeks, normalized cardiac structure and function as measured by left ventricular (LV) mass (B),
E/e’ ratio (C), and end diastolic pressure (D) in HFpEF mice. These effects were comparable to
empagliflozin.
All data are presented as the mean ± SEM. N=8-12 mice per group. n.s. not significant, *P < 0.05, and **P < 0.01 by unpaired t-
test.

(A) RNA sequencing analysis shows enrichment of gene sets associated with inflammation, fibrosis, and
oxidative stress in vehicle-treated HFpEF animals relative to control (shown in blue bars) which were all reversed
with TYA-018 (red bars) or empagliflozin (bars in purple) treatments. Gene sets associated with mitochondrial
function including oxidative phosphorylation, mitochondrial biogenesis, and different metabolic pathways were
significantly depleted in HFpEF mice treated with vehicle relative to healthy control animals. These mitochondrial
and metabolic gene sets were significantly enriched in both treatment groups. (B) Heatmap shows TYA-018
reduced the expression of inflammatory and fibrotic genes in vehicle treated HFpEF hearts while mitochondrial
energy production genes were upregulated in response to TYA-018 treatment, superior to empagliflozin.
N=8-11 mice per group.

(A) Single oral dose of TYA-018 significantly reduced fasting glucose and improved glucose tolerance (B and C)
in HFpEF mice, to levels similar to empagliflozin.
All data are presented as the mean ± SEM. N=6-12 mice per group. **P < 0.01 and ***P < 0.001 by unpaired t-test. Historical data was
used as vehicle control group.

Background

TYA-018 Significantly Reduced BNP Gene Expression 
Greater than Empagliflozin
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(A) The mRNA expression of brain natriuretic peptide (BNP, encoded by the NPPB gene) was increased
in mouse HFpEF hearts and was significantly decreased by both TYA-018 and empagliflozin treatment.
Compared to empagliflozin, TYA-018 reduced NPPB to a greater extent. (B-E) Reduced expression
of NPPB in response to both treatments was correlated with improved diastolic function in HFpEF mice as
shown by decreased E/e′ ratio and isovolumic relaxation time (IVRT).
Data in A panel is presented as the mean ± SEM. *P < 0.05 and ***P < 0.001 by unpaired t-test. R values are Pearson
correlation coefficients. N=8-11 mice per group.
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