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Structural modulations of compound AA6
Since  compound AA6, previously synthesised by our research group, is 
able to prevent metastasis formation  in the 4T1 mouse model of breast 
cancer1, structural modulations were performed in order to find the structural 
determinants of the anti-metastatic effect and to identify the cellular target.2

Modulations performed: 
- R1, R2, R3: Aspartic acid moiety 
- R4: distance between the benzene ring and the amide group
- R5:  steric hindrance 
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In vitro lead compound selection and its synthesis

Target identification

In vivo studies of lung metastasis mouse model of 
melanoma

Computational studies

As a Michael acceptor, CM365 could form stable adduct with the target, that 
can be detected by a proteomic analysis. Previously we discovered that the 
compound is not able to penetrate the cell membrane, thus we proceeded 
identifying the adduct(s) by nLC-HR-MS/MS. B16-F10 cells were first 
incubated with the inhibitor and then the membrane fractions isolated were 
analysed. We processed the experimental MS spectra searching selectively 
for mass shifts generated by adducts with nucleophilic aminoacids (Fig. 
1A). Then, an automatic matching tasks (Proteome Discoverer software) 
was used to assign the peptide adduct within a theoretical list of the most 
plausible PSMs (peptide spectral matches, Fig. 1C). After a manual 
evaluation of the reports, we identified the formation of one stable 
conjugate among CM365 and the residue Lys290 of the protein Septin-4 
(Fig. 1B). 
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Figure 1. A) Fragmentation spectrum of the [M +3H]3+ precursor ion at m/z 
878.44824 identified by computational analysis. B) Manual interpretation of the 
experimental fragmentation pattern, attributable to the speculated sequence of 
the peptide bearing the CM365-adduct. C) Corresponding theoretical 
fragmentation pattern obtained by means of the software Proteome Discoverer. 

After obtaining SEP4-SEP6 complex by homology modelling, it was used to 
perform docking studies of compounds AA6 and CM365 (using GOLD 
v2020.1 software, Fig. 2A,B). The simulations highlighted that the carboxyl 
group is involved in H-bonds with G156, S158 of SEP4 for both 
compounds, while AA6 also forms additional interactions with T159 and 
R173. Notably, CM365 is able to bind covalently to K290. Moreover, the 
effect of this covalent adduct formation on the stability of the SEP4-SEP6 
complex was explored by performing MD simulations (using AMBER 18 
software, Fig. 2C). Specifically, CM365 induces multiple structural changes 
at the interface between the two proteins, represented by the trans-loop I of 
SEP4 (around residue 329, Fig. 2D) and the switch I region of SEP6 
(residues 69-77, Fig. 2E), variations that may be responsible for SEP4 
inhibition. 

Figure 2. Docking poses of A) CM365, B) AA6 performed on the homology model of SEP4(green)-SEP6(yellow) dimer. The residues involved are depicted as sticks, H-bonds as blue dashed 
lines. C) RMSD plot of CM365 and SEP4-SEP6 backbone. D) RMSF profile of SEP4. E) RMSF profile of SEP6. 
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The antimetastatic activity of CM365 was also evaluated in vivo in a 
mouse model of metastatic melanoma using B16-F10 cells evaluating 
the occurrence of lung metastases.3 CM365 treatment significantly 
reduced metastasis dissemination when administered at T0 and T8. Its 
effect was increased by co-administration of paclitaxel, a well-known 
chemotherapeutic agent (Fig. 3A). Histological examination of the lung-
stained sections confirmed the antimetastatic effect of CM365 
compared to the control (Fig. 3B). 
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Figure 3. In vivo inhibition of lung metastasis dissemination. A) number of lung metastasis in untreated (CTR: vehicle only i.p. for 20 days) and treated mice: CM365 12.5 mg/kg i.p. 
from day 0 (T0), CM365 12.5 mg/kg i.p. from day 8 (T8), paclitaxel 5 mg/kg i.v. on day 7, and CM365 (T0) +paclitaxel (T7); *** P <0.0001 vs CTR; £P < 0.05 CM365 +paclitaxel vs 
paclitaxel, One-way ANOVA Bonferroni Multiple Comparisons Test. Data are expressed as mean ±SEM (n ≥5). B) Hematoxylin eosin staining of lung tumor tissue sections belonging 
to two representative animals (left: CTR group, right: CM365 treated group); spreading metastasis are pinpointed with black circles.

The synthesised compounds were tested for their 
ability to inhibit invasiveness of B16-F10 
melanoma cells. The modulation of the aspartic 
acid moiety (2-9) significantly decreases the 
maximal efficacy, except for the amide compound 
5, with respect to AA6. Compound 6 was found 
inactive, so the S configuration of the chiral 
carbon seems to be essential. The insertion of a 
phenyl ring in compound 11 causes loss of 
activity. The insertion of the spacer (12-13) did not 
significantly affect the activity. Thus, we 
synthesised compound 19 with an activated 
double bond able to form covalent Michael-type 
adducts. CM365 maintained a good maximal 
efficacy with a higher IC50 compared to AA6, while 
its dimethyl ester analogue 18 was inactive. For 
these reasons CM365 was selected for later 
studies. 

Compound Maximal efficacy a

% inhibition at 100 µM ± SE IC50 (µM) ± SE b

1 (AA6) 70 ± 4 0.7 ± 0.1
2 29 ± 2 ncc

3 42 ± 1 ncc

4 52 ± 2 45 ± 9
5 65 ± 5 0.7 ± 0.4
6 Not active ncc

7 45 ± 3 ncc

8 39 ± 2 ncc

9 41 ± 1 ncc

11 35 ± 2 ncc

12 55 ± 5 4.5 ± 3
13 60 ± 4 2.4 ± 1
18 Not active ncc

19 (CM365) 56 ± 7 5.5 ± 3.8

Table 1. Inhibition of B16-F10 cells invasion. a Percentage inhibition of B16-F10 
cells invasiveness at the maximal concentration tested (100 µM) versus control 
invasion measured on untreated cells. b IC50 values calculated for the most active 
compounds (maximal efficacy at 100 µM > 50 %). c Not calculated. 
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Scheme 1. Reagents and conditions: (a) tert-butyl diethylphosphonoacetate (1.2 eq), NaH (1.4 eq), DMF, rt, 
2 h. (b) paraformaldehyde (8 eq), K2CO3 (3 eq), water, 90 °C, 72 h. (c) TFA/DCM (10 %), rt, 18 h. (d) L-
aspartic acid di-tert-butyl ester (1.1 eq), HBTU (1.5 eq), HOBt (0.1 eq), DIPEA (3 eq), DMF, 18 h.
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