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Protein acylation and tumor progression



 
Modifications of Biomolecules

•  DNA： <10

•  RNA： >100

• Proteins：>500  

  Total modifications in human: >1017

New chemical bonds formation
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Nat Struct Mol Biol. 2007，14:1017-24



Part 1

Protein PTMs change their structure, biological functions 
and roles in the disease develoment



Journal of Cell Biology, 2017



6Song, et al. Cell Reports, 2019.



Wang, et al. Journal of Cell Biology, 2018.



Yang, et al. Sci.Chin.Lif.Sci. 2021.



Part 2

Precise prognosis for cancer patients based on protein 
acetylation



Dr. Junhu Wan

Acetylation of transcription factor HOXB9 inhibits lung 
adenocarcinoma progression



Acylation 酰基化修饰
• Acetylation：                       乙酰化

• Propionylation：                  丙酰化

• Butyrylation：                      丁酰化

• Crotonylation：                    巴豆酰化

• 2-Hydroxyisobutyrylation：  2-羟基异丁酰化

• β-Hydroxybutyrylation：      β-羟基丁酰化

• Malonylation：                     丙二酰化

• Succinylation：                    琥珀酰化

• Glutarylation：                     戊二酰化
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Xiang-Jiao Yang. BioEssays, 2004



• In human, 39 HOX genes are found in 
four clusters assigned to 13 paralog 
groups in each cluster

• HOX genes are expressed in temporal 
and spatial collinearity

• HOX genes have crucial roles in 
development,regulating 
apoptosis,receptor signaling, 
differentiation,motility and 
angiogenesis
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HOX gene family

DG Grier et al. The pathophysiology of HOX 
genes and their rolein cancer. J Pathol



HOXB9 interacts with and is acetylated by    
               acetyltransferase PCAF
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HOXB9 is acetylated at residue K27 by PCAF
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HOXB9 is acetylated at residue K27 by PCAF
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Acetylation of HOXB9 suppresses lung cancer 
               cell migration and invasion
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Acetylation of HOXB9 suppresses lung cancer 
                xenografted tumor growth
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Elevated K27 acetylation of HOXB9 predicts a 
    favorable survival in lung cancer patients
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   Acetylation of HOXB9 inhibits tumor 

progression via suppression of JMJD6 

Wan，et al. Nucleic Acids Research 
43: 3591–3604, 2016.



Dr. Jun Zhan 

Acetylation of HOXb9 at K27 inhibits CRC 

progression
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           AcK27-HOXB9 was downregulated in multiple cancers
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AcK27-HOXB9 predicts a favourable outcome 
              in colon cancer patients
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AcK27-HOXB9 predicts a favourable outcome 
              in colon cancer patients
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Acetylated HOXB9 translocates from nucleus to cytoplasm
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Acetylated HOXB9 translocates to cytoplasm 
and inhibits tumor growth



Acetylation of HOXB9 at K27 predicts well prognosis 
in PDAC patients

Dr. Jun Zhan



HOXB9 is upregulated in PDAC



AcK27-HOXB9 is downregulated in PDAC



The level of AcK27-HOXB9 is correlated with 
PDAC progression



The level of AcK27-HOXB9 is correlated with 
PDAC patients prognosis



1. Theoretical significance: 

Expression of an mRNA is not necessarily parallel with the expression of its encoded 

protein; the expression of a protein is not necessarily parallel with its biological 

function. Post-translational modification and location of protein must be considered.

2. Clinical significance

Wild-type HOXB9 promotes tumour progression, while AcK27-HOXB9 inhibits growth 

and metastasis of tumour. Ratio of wild-type/AcK27 HOXB9 may predicts the 

prognosis of patients.

Conclusions
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WT-HOXB9
AcK27-HOXB9

poor prognosis

WT-HOXB9
AcK27-HOXB9

good prognosis
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Granted patent



Part 3

Identification and characterization of novel protein acylations



Identification and characterization of Histone 
isonicotinylation

Dr. Yuhan Jiang



思想自由 兼容并包 < 36 >

Background

Histone benzoylation

Huang H, et al. Nature Communications. 2018
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Identification of isonicotinylation

 a 105.0102Da mass shift
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Identification of isonicotinylation

 a 105.0102Da mass shift
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C6H4NO

Isonicotinylation

Nicotinylation

Picolinylation

Identification of isonicotinylation

 a 105.0102Da mass shift



思想自由 兼容并包 < 40 >

Preparation of a Pan-anti-isonicotinylation

Identification of isonicotinylation

 a 105.0102Da mass shift
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Lys is isonicotinylated in cells
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Lys is isonicotinylated in cells
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Lys is isonicotinylated in cells
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INH and SIN can induce isonicotinylation
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INH  and SINcan induce isonicotinylation in non-histones
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INH can induce isonicotinylation
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INH can induce isonicotinylation
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Isonicotinylation locates in the nucleus
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INH can directly catalyze isonicotinylation
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Ac: Acetylation   

Bz: Benzoylation  

Inic: Isonicotinylation

Isonicotinylation sites in histones



思想自由 兼容并包 < 51 >

+

Isonicotinic acid

Coenzyme A

 Isonicotinyl-CoA

Isonicotinyl-CoA (Inic-CoA)
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INH raises intracellular isonicotinyl-CoA
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CBP/P300: isonicotinyltransferase 
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CBP/P300: isonicotinyltransferase 
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CBP/P300: isonicotinyltransferase 
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HDAC3 de-isonicotinylation
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Histone isonicotinylation loosens chromatin
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Histone isonicotinylation regulates gene expression
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Histone isonicotinylation activates PI3K/Akt/mTOR
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Histone isonicotinylation activates PI3K/Akt/mTOR
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Histone isonicotinylation and tumor progression
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Histone isonicotinylation and tumor progression
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Working model 



Jiang, et al. Nature Communications, 
2021.9.20
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结论

1. We identified histone isonicotinylation, a novel type of histone modification. 

2. We identified 26 modification sites of histone isonicotinylation in HepG2 cell. 

3. We showed that a histone acetyltransferase CBP/P300 has the function of histone 

isonicotinyltransferase, and a histone deacetylase HDAC3 has the function of histone 

deisonicotinylase. 

4. Histone isonicotinylation loosens chromatin and may take effects in tumourigenesis 

and progression of liver cancer.
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