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Discovery of a small-molecule inhibitor of carbamoyl phosphate
synthase 1 and its anti-colorectal cancer mechanism
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Abstract: The carbamoyl phosphate synthase 1 (CPS1) enzyme is involved in the first phase of the urea cycle,
providing a prerequisite molecule for pyrimidine synthesis, as well as promoting tumor cell proliferation and
growth. Studies have found that CPS1 is highly expressed in a variety of tumors, including colorectal cancer, lung
cancer, etc. and its overexpression is related to the poor prognosis of tumors. Thus, small molecules targeted to
inhibit the function of CPS1 in tumors may provide therapeutic benefits for cancer patients who overexpress CPS1.
In this study, the function of CPS1 was investigated in vitro, and we found that overexpression of CPSI can
enhance the migration ability of colorectal cancer cells HCT15. Here, based upon the existing crystal structure,
combined with high-throughput virtual screening, we obtained 8 candidate small molecule compounds. In vitro
activity evaluation, we found that compound 3 has good anti-HCT15, HCT116 cell proliferation activity (HCT15,
IC,,, 7.69 £ 1.10 pmol-L"', HCT116, IC,,, 13.53 + 0.46 umol-L™"). Subsequently, molecular docking and molecular
dynamics (MD) simulation analysis showed that, compound 3 could target and inhibit the activity of CPS1. In vitro
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studies showed that compound 3 could inhibit the migration of HCT15 cells, as well as induced cell cycle arrest

and apoptosis. Taken together, this study found that compound 3 is a potential small molecule inhibitor that targets

CPS1, which provides the experimental basis and theoretical basis for the development of targeted intervention

small molecule therapeutic drugs. Based upon the chemical structure of compound 3, we will shed new light on

further optimizing its activity and therapeutic potential, which may provide a therapeutic benefit to the patients

with CPS1-related tumors.
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Figure 1 Expression of the carbamoyl phosphatase 1 (CPS1) gene in cancer cells and the role of the CPS1 gene in colorectal cancer. A:
Expression of CPS1 in tumor cell lines; B: CPS1 expression plasmids were transfected into HCT15 cells, and the relative expression of

CPS1 in HCT15 cells was detected by RT-PCR; C: CPS1 overexpression promotes HCT15 cell migration. Scale bar = 88 pm. n =3, x + 5.
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Figure 2 Discovery of a small molecule inhibitor of CPS1. A: The three-dimensional structure of CPS1, red is the allosteric inhibitor binding
pocket, and green is the ATP/ADP binding pocket; B: Workflow of screening CPS1 small molecule inhibitors; C: Eight CPS1 candidate

small molecule inhibitor structures screened from the DrugBank and SPECS libraries
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Figure 3 Cell viability were measured for each compound with various concentrations by CCK-8 assay for 72 h

Table 1

The SPECE ID of the compound and the half maximal inhibitory concentration (IC;;). Tumor cells were treated with different

concentrations of compounds for 72 h, the cell viability was detected by CCK-8 method, and the IC,, were calculated using GraphPad Prism

6.n=3,x+ts

NO. SPECE ID IC/pmol L’

HCT15 HCT116 A549 NCIH2122
1 DB11703 >50 >50 38.92+3.67 3033+4.15
2 DB00619 28.14 + 1.98 17.54+1.91 30.66 + 1.78 17.02 + 2.63
3 DB01254 7.69+1.10 13.53 = 0.46 747+ 1.88 10.51 + 1.68
4 DB00705 >50 >50 >50 >50
5 AK-918/43210364 >50 >50 >50 > 50
6 AP-906/42285787 — — > 50 —
7 AO-022/43514832 >50 >50 > 50 > 50
8 AO-081/41228034 > 50 > 50 > 50 > 50

I IC, 15 43 M 7.69 + 1.10,13.53 + 0.46.7.47 + 1.88
A110.51 + 1.68 pmol-L™'.
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Figure 5 Compound 3 exerts anti-migration potential in vitro. A: HCT15 cells were treated with compound 3 (8.5 umol-L™") for 24 and
48 h. The migration capabilities of the cells were detected by scratch assay. The wound closure ratio represents the level of cell migration
ability. Scale bar = 88 um; B, C: HCT15 or HCT15 CPS1-PCDH cells were treated with compound 3 (8.5 umol-L™") for 48 h, transwell assay
were used to measure migration capabilities of the cells. Scale bar = 88 pm; D: HCTI1S cells were treated with different concentrations of
compound 3 (50, 25, 12.5 umol-L") for 48 h. Immunoblotting analysis of caudal-related homeobox transcription factor 2 (CDX2) and E-
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Figure 6 Compound 3 induces cell cycle arrest in HCT15. A: Cells were treated with compound 3 at concentrations of 4.25, 8.5 and

17 umol-L™" for 48 h. The results of flow cytometry showed that compound 3 induced HCT15 cell cycle blocking in the G1 phase; B: HCT15

cells were treated with different concentrations of compound 3 (50, 25, 12.5 pmol-L™") for 48 h. Immunoblotting analysis of CDK7 and

cyclin E1 expression, f-actin was measured as a loading control; C: Colony formation assay of HCT15 cells treated with compound 3 (4.25,

8.5 and 17 umol-L™). Representative images and quantification of colonies were shown. Scale bar = 10 um. n =3, x £5. P < 0.01, P <

0.001, “"P < 0.000 1 vs CON

CPSI1 [ RIEREEIE S HCTIS AN MERE e JT. SE T
L 1R R 7 5 485 v 208 2 1 U 306 AR e 8 B v 1k
PR, DL R B R R H0 ] CPS1 /N T & . W
TR I, AL A 3% HCT1S 40 i 6 B0t R 47 1 e 4 4
3% M (IC,, 72 h, 7.69 + 1.10 umol-L"'; 48 h, 8.45 +
2.17 pmol-L"; 24 h, 49.66 + 0.36 umol-L™"), BE % 11 i
HCT15 40 (i %%, I HAe 1% CPS1 {2 HCT15 44
NI HIVEF, 431 XA SR 30 ) SRR A S )
3R 5 CPS1 B ite e MAH BAE R . BA Egs RE ),
&9 3 RTAE Sy B ] CPST I TE /N4 T4l 71

DUER 8 A% e J 41 B CPS T [13RIA S5, 4 &
WIBH I 7E GO/G1 #, F980/0 S BAFN G2/M HA4H it 1) L. 4

AT 461 o1 4 L 6 7, g 4 0 207 R KL 48 e
i) CPS1 AT e o FH b 0 5 1ok 15 3 40 i o A2 19
T IHIHFI AR A A K™, Cyclin E1 AT CDK7 /2 5 41
JE BAAH G 85 1, #01 cyclin E1 F1 CDK7 7] LA 5 40
J i 16 G1/S e AR, 338 S JIPS, JH T2 % Bel-2
JGRF caspase 5K % B H 4%, Bel-2/Bax LU R FERESS
WIE caspase £ [, 1 ¥ 44 1) caspase-9 Fll caspase-3 /&
5 AN N O =l e = R A = <
AT 5 38 5V A PR AR 23 BT R B 1 A B S
A A D 3 X%F HCT 1S 4H i Jal S R T () s e, &5
R, A& 3 6% 755 HCT1S 2 i J& 19 BH i A
oo [A I AL &) 3 R K I cyclin E1 1 CDK7



2680

2% %4 Acta Pharmaceutica Sinica 2022, 57(9): 2671 —2681

4.25 pmol-L"!

“Jar @

B ) CON

Concentration/pmol-L!  Concentration/pmol-L"!

CON Compound 3 °
£
=3
[=]
— Q
A~ =
8.5 umol-L"! 17 pmol- Ll 38
0
o5 O
Qoév’fv 0N
Concentration/pumol-L™!
Annexin-V-FITC
C Compound 3/umol-L*! 2.0 1.5 1.5
CON 25 12.5 MW/kDa *kE =
PR = g
£ . £1.0 510
4"'.....> i% < sk <
< 1.0 - & ] %
Bcl-2 m ‘ & Sos{ME 205 e
/A 0.5 as 2{ e
8
Caspase 3w -3 0 0
$ P P2 S Po? 8 PP
Cleaved- o NN O NG o NS
caspase 3 | ——— - - — Concentration/umol-L"  Concentration/umol-L"  Concentration/umol-L"!
£ 20 1.5 £ 25
> 5 £
capasco [ IO B R 0 2 | e 250] e
- Q15 w8 S
E %1.0 e £ 2 s pazy
Cleaved- ’ -39 g 10 & g
caspase 9 37 § %05 § 1.0
B 03 z B os
< <
P-Actn GENED S G a— i3 - 3 o
S ’»"\f\f’ L ﬁﬁ’\f\;’ g '\f’\qﬁ’

Concentration/umol-L™!

Figure 7 Compound 3 induces apoptosis of HCT15 cells. A: Treat HCT15 cells with 8.5 umol-L" of compound 3 for 48 h, then stained

with 50 mmol-L" Hoechst 33258 and observed under a fluorescence microscope; B: HCT15 cells were treated with compound 3 at concen-

trations of 4.25, 8.5 and 17 umol-L™ for 48 h and apoptosis ratios were determined by flow cytometry analysis of Annexin-V/PI double staining;

C: HCTIS5 cells were treated with compound 3 at concentrations of 12.5, 25 and 50 umol-L™ for 48 h. Immunoblotting analysis of cleaved-

caspase 3, caspase 3, cleaved-caspase 9, caspase 9, Bax, Bcl-2 expression, -actin was measured as a loading control. n =3, x £s5. "P < 0.05,
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