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Arginine methylation by PRMT5

PRMT5 (Protein arginine methyltransferase 5)
§ The main symmetric dimethylarginine (SDMA) methyltransferase (Type II)

§ S-Adenosyl-L-Methionine (SAM) ==> S-Adenosyl-L-Homocysteine (SAH)

§ Major substrates: H4R3, H2AR3, H3R2, H3R8 and non-histone proteins, e.g. p53.
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• PRMT5 forms a hetero-octameric complex with MEP50.
• PRMT5:MEP50 complex forms large multimolecular complexes 

with different binding partners.
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Antonysamy et al. Proceedings of the National Academy of Sciences (2012). Wei et al. Proceedings of the National Academy of Sciences (2013). Karkhanis et al. Trends in biochemical sciences (2011).

PRMT5 in cancers
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• PRMT5 is overexpressed in many cancers.
• PRMT5 inhibition or depletion induces cell growth 

arrest and cell death.



• Methylthioadenosine phosphorylase (MTAP) deletion occurs in ~15% of all human cancers. 

• MTAP-deletion in cancer cells disorders methionine metabolism and results in MTA accumulation in cells. 

• MTA creates a partially inhibited enzyme state thus significantly increases their vulnerability to further PRMT5 inhibition. 
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Mavrakis et al. Science (2016). Kryukov et al. Science (2016). Lucia, Angelo, and Peter A. DiMaggio. Data Science for Healthcare. (2019)..

PRMT5 as a novel drug target in MTAP-deleted cancers 

As an oncoprotein in tumorigenesis, PRMT5 emerges as a compelling target for drug discovery in cancer therapy.
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SAM MTA
MTAP w.t. ~50 µM ~1 µM

MTAP -/- ~50 µM ~20 µM

MTASAM

Intracellular concentration:



• Crystal structure of human PRMT5:MEP50 in complex with a cofactor 
analog (cyan) and a H4 substrate peptide (magenta). 

• PRMT5 (green) consists of a TIM-barrel domain for MEP50 (red) 
binding, a Rossmann-fold domain for cofactor binding and a β-
sandwich domain for substrate peptide binding.
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Antonysamy et al. Proceedings of the National Academy of Sciences (2012).

The first crystal structure of human PRMT5:MEP50 was published in 2012.

Crystal structure of PRMT5:MEP50
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Cofactor-binding pocket

Substrate-

binding pocket



Since 2016, three drug candidates have entered Phase I clinical trial:
• Cofactor-competitive inhibitors (JNJ-64619178 and PF-06939999)

SAM-analogs may cause off-target effect.
• Substrate-competitive inhibitors (GSK-3326595) 

Pre-binding of cofactor SAM is required to form cation-π interactions;
Low binding affinity to MTA-bound form (MTAP-deleted cancers).
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Limitations of PRMT5 inhibitors in clinical trial 
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AIM
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Design a potent, non-nucleoside, SAM-independent small molecule inhibitor targeting PRMT5.



Identification of CMP5 as a ‘hit’
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Alinari et al. Blood, The Journal of the American Society of Hematology (2015).

CMP5A9145C

H4 peptide

Predicted binding mode of CMP5



Structure-based drug design and structure-activity relationship study 
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Unpublished data
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Compound optimization and mode of inhibition (MOI) study

Unpublished data
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Optimizations on R1 and R2

MOI of 1-ET-1F

> 5-fold

6-1F (IC50 = 99.4 ± 5.1 µM)
1-ET-1F (IC50 = 107.7 ± 11.7 µM)

SAM-noncompetitive

Peptide-competitive

11-1F (IC50 = 1.3 ± 0.2 µM)
11-2F (IC50 = 0.7 ± 0.2 µM)

Optimizations on L

MOI of 11-1F

~100-fold

SAM-noncompetitive

Peptide-competitive

Optimizations on R1

15-1F (IC50 = 233.8 ± 15.8 nM)

~5-fold

15-1F + MTA/SAM

GSK-3326959 + MTA/SAM

MTA-synergistic

11-3F (IC50 > 500 µM)
11-5F (IC50 = 7.2 ± 0.2 µM)
11-6F (IC50 > 500 µM)
11-9F (IC50 = 179.5 ± 10.4 nM)

SAR on R2

~5-fold

15-2F (IC50 < 150 nM)
15-3F (IC50 > 100 µM)
15-4F (IC50 > 100 µM)
15-5F (IC50 = 29.6 ± 1.3 µM)

SAR on R2
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Binding preference study by SPR
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Unpublished data
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Binding preference study by SPR
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Compound 
name

Enzymatic IC50
(µM)

Binding affinity KD (μM) on different receptors

Apo P:M P:M + MTA P:M + SAH P:M + SAM

11-1F 1.3  15.7 0.256 1.67 1.32

11-2F 0.7 12.1 0.095 0.895 0.692

11-3F > 500 N.B L.B N.B N.B

11-5F 7.2 N.B N.B N.B 2.84

11-6F > 500 N.B L.B N.B N.B

11-9F 0.180 4.33 0.162 0.191 0.732

15-1F 0.234 7.32 0.038 0.218 0.106

GSK-3326959 0.006 N.B 5.9 0.794 < 0.1

L.B.: very low binding response; N.B.: no binding
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Unpublished data



Binding preference study by SPR
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(inactive)

No binding
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Unpublished data



Structure determination by cryo-EM
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Unpublished data
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The apo form of PRMT5:MEP50 PRMT5:MEP50 in complex with MTA and 11-2F

0.4%               21.9%              2.5%               19.6%               2.4%                2.6%                20.1%   30.4%

Example micrograph (4,190 in total) 4,175 micrographs selected after MotionCor2 and CTF-correction
1,286,555 particles picked using AutoPick in Relion

2D classification to remove junk particles, 808,776 particles retained

Generate initial model
3D classification with C1 symmetry (K = 8) 

Combined (745,428 particles in total), 3D classification with C2 symmetry (K = 8)

Masked refinement
CTF-refinement

Beamtilt correction
Bayesian polishing

Combined into
160,458 particles

3D auto-refinement
D2 symmetry

Handedness corrected

4.0 Å (FSC 0.143)
Final reconstruction
3.3 Å (FSC 0.143)3.3 Å (FSC 0.143)

10.8%               10.7%              0.3%               13.6%               8.2%                17.1%                22.2% 17.0%



Structure determination by cryo-EM
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Unpublished data
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α-helix:

β-sheet:

Local resolution of apo PRMT5:MEP50 complex:



Structure comparison of apo- and holo- forms of PRMT5:MEP50
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Unpublished data
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PRMT5:MEP50 in complex with MTA and 11-2F

Resolution = 3.3 Å

Apo PRMT5:MEP50
(EMDB-20764) (PDB 6UGH)

Holo PRMT5:MEP50
(EMDB/PDB: not deposited)



Structure comparison of apo- and holo- forms of PRMT5:MEP50
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Structure alignment of bound-forms of PRMT5:MEP50
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Unpublished data
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[11-2F + MTA]-bound form (grey) is aligned with [EPZ015666 + SAM]-bound form (purple) 

METHODS AND RESULTS

EPZ015666 (IC50 = 21.7 ± 5.0 nM)
11-2F (IC50 = 0.7 ± 0.2 µM)

In [11-2F + MTA]-bound form, 11-2F:
Ø kicks out the H2O molecule in EPZ015666-bound form by 

forming H-bonds with Glu435 and Glu444,

Ø forms π-π interactions with Phe327 and Trp579.

11-2F as a substrate-competitive inhibitor:
• does not rely on the pre-binding of SAM

• desired MOI in MTA-accumulated MTAP-deleted cancers

Glu444

Glu435

Phe327

11-2F (sphere)

Trp579

EPZ015666

MTA/SAM



Target engagement study by CETSA

CEllular Thermal Shift Assay (CETSA)

20
Unpublished data

11-3F (IC50 > 500 μM)

11-9F (IC50 = 179.5 ± 10.4 nM)

PRMT5 11-3F
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Protein methylation inhibition and selectivity in cells by western blot

Cellular effects of 11-9F in MDA-MB-231 breast cancer cell line (96 h)
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v Concentration-dependent inhibition of cellular protein arginine symmetric 

dimethylation (SDMA) level was shown by western blot. 

v MTA improved the inhibition activity of 11-9F, suggesting a synergistic effect.

v Unaffected protein arginine asymmetric dimethylation level (ADME-R) indicated 

a decent selectivity of 11-9F against Type I PRMTs.

v 11-9F showed anti-proliferation effect in MTT assay.

Unpublished data
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CONCLUSIONS

22

AIM METHODS AND RESULTSBACKGROUND CONCLUSIONS FUTURE DIRECTION

ü The potency of designed inhibitors has been improved by more than 3000-fold.

ü Designed inhibitors show a substrate-competitive mode of action in enzymatic assays.

ü 11-9F binds to both apo- and cofactor-bound forms of PRMT5:MEP50 and shows binding preference to MTA-bound form.

ü The flexible loop region at the active site of PRMT5 undergoes a huge conformational change upon cofactor binding.

ü Interaction between 11-2F and PRMT5 is different from current inhibitors, making it a novel series of PRMT5 inhibitor.

ü Treatment of 11-9F in combination with MTA improves its inhibition activity in cellular assays.

11-1F
(IC50 = 1.3 ± 0.2 µM)

11-9F
(IC50 = 179.5 ± 10.4 nM)

CMP5
(IC50 > 500 µM)

1-ET-1F
(IC50 = 107.7 ± 11.7 nM)



CONCLUSIONS
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11-9F is a potent and selective PRMT5 inhibitor that binds to PRMT5 at 
substrate-binding site and shows synergistic effect with MTA in vitro. 



FUTURE DIRECTION

• Compound optimization (potency↑, toxicity↓)

• Inhibition selectivity against other protein methyltransferases

• In vitro cellular assays to further investigate the anti-cancer effect of designed inhibitors

• Compound activity profile in cancer cell lines with different MTAP-expression levels

• In vivo evaluations in mice models
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