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HDAC11 Regulates Gene Expression and Lipid Droplet-associated protein Myristoylation in Adipocytes

Abstract

Background: Obesity affects nearly half of U.S. adults. Closely associated with obesity, particularly excess visceral

adipose tissue (VAT) mass, are major socioeconomic health burdens, including cardiovascular disease.

Our laboratory has previously demonstrated that global loss of the poorly characterized class IV histone deacetylase,

HDAC11, in mice protects against high fat diet-driven obesity (1). Histone DeACetylase 11 (HDAC11) has >10,000x

higher protein lysine demyristoylase than deacetylase activity. Moreover, a potent and highly specific inhibitor of

HDAC11 has recently been developed, FT895 (2). The cellular mechanism by which loss of HDAC11 protects against

obesity is unknown.

Aim: Determine the role of HDAC11 in cellular biology of adipocytes.

Results: Acute FT895 treatment of differentiated 3T3L1 adipocytes induced thermogenic (Uncoupling protein 1;

UCP1) and cardioprotective (Adiponectin; ADIPOQ) gene expression. Concurrently, using a Click chemistry

approach, we identified a strong peri-LD myristoylation signal with HDAC11 inhibition, describing for the first time

that LD-associated proteins are myristoylated and are a demyristoylase target of HDAC11. These phenomena

were also observed in primary human adipocytes.

Importantly, LD-associated protein myristoylation, as well as Ucp-1 expression, was elevated at baseline in HDAC11

KO murine white adipocytes and was not further induced by FT895, demonstrating that these effects are HDAC11-

dependent.

Furthermore, treatment of human VAT explants with FT895 promoted the thermogenic gene program and adiponectin

expression, implicating HDAC11 inhibition with therapeutic potential.

Conclusion: HDAC11 inhibition is a key regulator of thermogenic gene expression and lipid droplet biology in

adipocytes.
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• Genetic inhibition of HDAC11 increases thermogenic gene expression

(UCP1) in WAT and BAT and protects against chronic high fat high salt

feeding in mice.

• Pharmacological HDAC11 inhibition with FT895 in rodent and human

white adipocytes in culture induces UCP1 and ADIPOQ expression,

increases lipid droplet-associated protein myristoylation and decreases

lipid droplet size. This is conserved in human adipocytes.

• UCP-1 expression and lipid droplet-associated protein myristoylation is

increased at baseline in white adipocytes from HDAC11-/- and resistant to

further induction by FT895.

• Treatment of human VAT with FT895 increased UCP-1 and ADIPOQ

expression

• Identify the lipid droplet-associated protein substrate of HDAC11.

• Determine the mechanism of HDAC11 inhibition in thermogenic and

cardioprotective gene expression.

• Define the composition of the cardio-detrimental and cardioprotective

adipose tissue secretome in the context of obesity and HDAC11 inhibition

respectively.

Conclusions

Working Model: Cardiometabolic Protection of 

HDAC11 inhibition in Fat (Figure 8)

Background: HDAC11 is a Poor Deacetylase, it is a >10,000 Fold 

More Effective Lysine Demyristoylase (Figure 1)

Potent HDAC11 inhibitor
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Background: Loss of HDAC11 Induces Thermogenic Gene 

Expression (UCP-1) and Adipose Beiging (Figure 2)
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Figure 2. A. Brown and white fat mass in WT and HDAC11 global knockout (KO) mice at 3 months of age. B. Immunoblot of UCP1

and reference gene 𝛼Tubulin in white adipose tissue (WAT) from WT and HDAC11 KO mice. C. Schematic image demonstrating the features

of brown adipose tissue (BAT) including high expression of UCP1. Data generated by Rushita Bagchi.
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Approach: Click Chemistry to Examine Protein 

Myristoylation with HDAC11 inhibition in Adipocytes in 

vitro (Figure 3) 

Lipid Droplet Associated Proteins are an HDAC11 

Demyristoylation Substrate in White Adipocytes (Figure 4A) 

Figure 3: Schematic showing the methodological approach in using Click chemistry to assess protein myristoylation in vitro  

Figure 1

White Adipocytes Isolated from HDAC11 KO Mice are 

Resistant to Elevated Protein Myristoylation and 

UCP1 Expression with FT895 (Figure 6)

Ex vivo Treatment of Human Visceral Adipose Explants with FT895 

Promotes a Cardiometabolic Protective Gene Program  (Figure 7)

HDAC11 Inhibition Induces Lipid Droplet-associated Protein 

Myristoylation, Thermogenic and Cardioprotective Gene Expression 

in Human Primary Adipocytes (Figure 5)

Decreased Lipid Droplet size, Increased Lipid Droplet Number
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B Figure 4. A. Immunostaining of lipid droplets (BODIPY),

myristoylated proteins (Alexa 594) and nuclei (DAPI) in differentiated

3T3L1 murine adipocytes treated with a time course of 10 uM FT895.

Images were acquired using a Zeiss LSM780 and 100 x oil objective.

B. Immunoblot of Ucp1, Adiponectin (Adipoq) and reference gene

Gapdh in differentiated 3T3L1 murine adipocytes treated with 10 uM

FT895.

Pharmacological HDAC11 inhibition is Associated with Increased UCP1 

and Adiponectin Gene Expression in Adipocytes (Figure 4B)

Figure 5. A. Brightfield images of human primary subcutaneous adipocytes after 7 days of differentiation ex

vivo acquired on EVOS FL Auto imaging system with 10x magnification. B. Immunostaining of lipid droplets (BODIPY)

and protein myristoylation (Alexa 594) in differentiated human primary subcutaneous following 1 h FT895 treatment.

Images were acquired using a Zeiss LSM780 and 100 x oil objective. C. Immunoblot, Adiponectin (ADIPOQ), UCP1

and and reference gene GAPDH in differentiated 3T3L1 murine adipocytes treated with 10 uM FT895 for 1 hour.

Human stromal vascular fraction derived preadipocytes were a gift from Kathleen Gavin, Anschutz Medical Campus.
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Decreased Lipid Droplet size, Increased Lipid Droplet Number

Figure 6. A. Immunostaining of lipid droplets (BODIPY) and myristoylated proteins (Alexa 594) in

differentiated primary murine adipocytes from WT and HDAC11 KO mice treated with 10 uM FT895. Images were

acquired using a Zeiss LSM780 and 100 x oil objective.

B. Immunoblot of HDAC11, UCP1 and reference gene GAPDH in differentiated 3T3L1 murine adipocytes treated

with a FT895 time course.

Figure 7. A. Immunoblot of

PPAR𝛾 ,ADIPOQ, UCP1 and reference

gene 𝛼Tubulin in human visceral adipose

tissue (VAT) treated with 10 uM FT895

for 1 hour.

B. RT-qPCR gene expression data of

UCP1 and ADIPOQ in human visceral

adipose tissue (VAT) treated with 10 uM

FT895 for 1 hour. Gene expression was

calculated using ∆∆Ct to 18S.

Human VAT was provided by Bryan

Bergman, Anschutz Medical Campus.
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Figure 8

Future Directions


