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Abstract 

In search of potential anticancer agents, we synthesized SNO-donor salicylaldimine main ligand-based 

Pt(II) complexes bearing NH3 as co-ligand at trans-position (C1-C6). These complexes showed similarity 

in structure with transplatin as the two N donor atoms of the main ligand and NH3 co-ligand were 

coordinated to Pt in trans position to each other. Each complex with different substituents on the main 

ligand was characterized thoroughly by detailed spectroscopic and spectrophotometric methods. Four of 

these complexes were studied in solid state by single crystal X-ray analysis. The stability of reference 

complex C1 was measured in solution state in DMSO-d6 or its mixture with D2O using 
1
H NMR methods. 



These complexes were further investigated for their anticancer activity in triple-negative-breast (TNBC) 

cells including MDA-MB-231, MDA-MB-468 and MDA-MB-436 cells. All these complexes showed 

satisfactory cytotoxic effect as revealed by the MTT results. Importantly, the highly active complex C4 

anticancer effect was compared to the standard chemotherapeutic agents including cisplatin, oxaliplatin 

and 5-fluorouracil (5-FU). Functionally, C4 suppressed invasion, spheroids formation ability and 

clonogenic potential of cancer cells. C4 showed synergistic anticancer effect when used in combination 

with palbociclib, JQ1 and paclitaxel in TNBC cells. Mechanistically, C4 inhibited cyclin-dependent 

kinase (CDK)4/6 pathway and targeted the expressions of MYC/STAT3/CCND1/CNNE1 axis. 

Furthermore, C4 suppressed the EMT signaling pathway that suggested a role of C4 in the inhibition of 

TNBC metastasis.  Our findings may pave further in detailed mechanistic study on these complexes as 

potential chemotherapeutic agents in different types of human cancers. 
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Introduction 

Triple-negative breast cancer (TNBC) is the most aggressive molecular subtype of breast cancer 

associated with higher metastasis, relapse and mortality rates. TNBC is a heterogeneous disease that 

arises due to several genetic and epigenetic changes [1]. TNBC patients show metastasis to lungs, liver 

and other parts of the body. Survival rates of TNBC are less than five years and most of the TNBC 

patients show poor prognosis and diagnosis [2]. Epithelial-mesenchymal-transition, invasion, migration, 

increased cell cycle progression and abnormal growth are the common features of TNBC cells [3]. TNBC 

patients show resistance to chemotherapy due to the aggressiveness of this disease. Oncogenic signaling 

pathways play key roles in the development, progression, metastasis and chemoresistance of TNBC [4]. 

Blocking or inhibition of oncogenic signaling pathways in TNBC with novel inhibitors, drugs and 

anticancer agents are considered important therapeutic approaches for better treatment options [5]. 

Cyclin-dependent kinase 4/6 (CDK4/6) plays an important role in cell cycle progression by increasing 

DNA synthesis. CDK4/6 has been shown to promote invasion, migration, tumorigenesis and play key 

roles in metastasis [6]. Inhibition of CDK4/6 is associated with increased apoptosis and decreased cell 

survival, invasion and metastasis [7]. Deregulation or abnormal regulation of CDK4/6 leads to 

uncontrolled and sustained cell growth. CDK4/6 pathway is highly activated in different molecular 

subtypes of breast cancers including TNBC and mainly targets the G1/S transition. CKD4 knockout has 

been shown to prevent breast cancer development [8]. CDK4/6 pathway form a complex with cyclinD1 



(CDK4/6-cyclinD1 axis) that plays a major role in the development, tumorigenesis and metastasis of 

breast cancer. CDK4/6 pathway is linked with important signaling proteins including RB, E2F family and 

cyclin-dependent kinases [9]. Recently several important inhibitors have been identified to block the 

CDK4/6-cyclinD1 axis and G1/S cyclin-dependent kinases [10]. Therefore, targeting CDK4/6 pathway is 

considered among important therapeutic targets for better treatment of breast cancer patients. 

Since the approval of cisplatin in 1978, platinum drugs have attracted much attention in the field of 

oncology. Subsequently, carboplatin and oxaliplatin were approved for marketing in 1989 and 2002, 

respectively. These three drugs have been widely used worldwide. During this period, some other 

platinum drugs have also been approved on a small scale in specific country, such as nedaplatin, 

heptaplatin, lobaplatin, miriplatin and bicycloplatin (Fig. 1) [11]. Taking cisplatin as an example, after the 

drug enters the cancer cell it is hydrated, the “Cl” ancillary ligand attached to platinum (II) is replaced by 

H2O molecule through ligand exchange to form the activated pt(II) drug [12-13]. Only a small number of 

active species can enter the nucleus and effectively bind to the N7 position of the most nucleophilic 

guanine base in DNA
 
[14-16]. Platinum inter-/intra-strand crosslinks to double strand helical DNA minor 

groove forms metal-DNA adduct that distorts the structure of DNA molecule, inhibits DNA transcription 

and replication, and ultimately leads to apoptosis [17-20].  

 

Fig. 1. Clinically administered (approved) anticancer drugs of platinum, the year it is approved 

With the wide application of platinum drugs, chemotherapy resistance, increased incidence of side effects 

and economic costs could not be ignored, which limits the application of platinum drugs [21-23]. Based 

on these shortcomings of the presently approved platinum-based drugs, a lot of research has been carried 

out in the recent years to overcome these limitations. These novel platinum anticancer drugs reported 

were mainly presented with ligand modification, biomolecular assembly, binding with other clinically 

approved drugs, delivery vehicles etc.
 
[24-30]. Similarly, the use of these different coordination 



assemblies in these newly developed platinum anticancer complexes changed the targets inside cancer 

cells [31-37]. Several new platinum complexes reported with good anticancer properties are under clinical 

trials therefore, the development of new platinum complexes is still important for the development of 

future anticancer drugs [38-42]. Platinum drugs represent a unique class of DNA damaging agents, in the 

past few decades, cisplatin has been used an active antitumor drug, but the development of adverse 

reactions and drug resistance has limited the use of cisplatin [43]. Compared with cisplatin, transplatin is 

inactive in vivo and has low cytotoxicity in vitro, but its derivatives have significant in vitro antitumor 

activity against a variety of tumor cells (including cisplatin-resistant cells) [44-45]. The first report on 

biologically active transplatin derivatives was the replacement of NH3 ligand(s) with planar amines such 

as pyridine to get an active complex with cytotoxicity equivalent to cisplatin [46]. After that, some planar 

N-heterocycles (pyridine, isoquinoline, quinoline, thiazole etc.) were introduced as ligands to study the 

anticancer activity [47-50]. N-heterocyclic carbene (NHC) ligands are easy to obtain, structurally 

modified and reported to be tightly bind to metals, has been widely used ligands in bioinorganic metal-

based drugs or transplatin derivatives [51-57]. Since the hydrophobic ligand modification of some 

transplatin derivatives showed better antitumor activity in some cancer cell lines therefore, these ligands 

such as PPh3 were also used in the synthesis of biologically active derivatives
 
[58]. Hydrazone ligands 

have attracted much attention due to their multifunctional coordination ability and potential applications 

in medicine and biology.
 
They are also widely used in the synthesis of platinum complexes used in 

anticancer studies [59-61]. Ana I. Matesanz et al. reported platinum complexes based on N-p-

chlorophenyl thiosemicarbazone as ligands for their pharmacological properties, these complexes were 

reported to show high selectivity for tumor cells and lack of activity in healthy cells [62]. These recent 

studies carried out in the field of platinum based anticancer drugs area encourage us and many other 

researchers to design and synthesize novel Pt-based anticancer complexes with novel organic assemblies. 

In our previous studies we synthesized salicylaldimine type Schiff base ligands bearing ON, ONS, ONN 

coordinating atoms and used them in the synthesis of Pt/Ru complexes with good anticancer activities 

[63-64]. In the current study we synthesized a series of Pt(II) complexes bearing a ONS-donor tri-

coordinated Schiff base as a major ligand and N-donor NH3 as a co-ligand coordinated at trans position to 

the N donor atom of the main ligand and studied their anticancer effects in triple negative breast cancer 

cells (TNBC). The structures and stabilities of these complexes were determined in detail by 
1
H, 

13
C 

NMR, UV-vis, FT-IR spectroscopy and HR-ESI mass spectrometry. The solid-state single crystal X-ray 

analysis was used to confirm the exact coordination of the ligands and Pt center. We examined their 

ability to inhibit cell growth and colony formation in different TNBC cell lines (MDA-MB-231, MDA-

MB-468 and MDA-MB-436 cells) and analyzed the effects of the highly active complex on tumor stem 



cell formation, cell migration and cell senescence. Similarly, cancer cell invasion, stemness and EMT of 

TNBC by targeting the C-MYC/STAT3/CCND1/CNNE1 and p27 axis by down-regulating cyclin-

dependent kinase (CDK)4/6 studies were also conducted. 

2. Results 

2.1. Chemistry 

 2.1.1. Synthesis and characterization of C1-C6 

Starting complexes SC1-SC6 [63, 65]
 
were used to synthesize C1-C6. Starting complex (SC1-SC6) was 

taken in 40% MeOH/DCM and added with slight excess of solid AgBF4 and stirred for 12 h at reflux. 

After disappearance of the reactant spot (checked by TLC) the solution was filtered through a pad of 

celite and the filtrate was added with excess NH4OH to obtain C1-C6 (scheme 1). The structure of each 

complex was characterized by different analytical methods. The difference between C1-C6 and SC1-SC6 

was clearly observed in the 
1
H NMR spectrum. For C1-C6, the most obvious proton signal was observed 

for the co-ligand (NH3) protons appears in the 5.04-4.97 ppm region [76]. In 
13

C NMR, the signal of each 

carbon from the similar structure of SC1-SC6 moved slightly in C1-C6 within a reasonable range (Fig. 

S1-S12). In HR-ESI MS analysis [M-BF4]
+
 peak was observed as a major m/z for each complex (C1-C6) 

showing the loss of BF4 anion from each molecule (Fig. S13-S18). 

 

Scheme 1. Synthetic scheme for C1-C6 

2.1.2. UV-vis spectroscopic study of C1-C6 

The UV-vis absorption spectra of C1-C6 were measured in chloroform solution at room temperature (Fig. 

2). The UV-vis absorption spectra of C1-C6 showed similarity, the obvious absorption peaks near 250 

and 330 nm was assigned to the ligand-to-ligand charge transfer (LLCT). Similarly, the metal-to-ligand 



charge transfer (MLCT) transition was observed near 460 nm region for C1-C5 and near 480 nm for C6, 

the slight red shift in absorption peak for C6 should be due to the presence of electron donor methoxy 

group on main ligand. 

 

Fig. 2. UV-vis absorption spectra plot of C1-C6; 2 mL 10 µM solution of C1-C6 in chloroform was taken 

in UV cuvette and subjected to UV-vis analysis 

2.1.3. FT-IR spectroscopic study of C1-C6 

The FT-IR spectra of C1-C6 were determined using KBr dilute tableting method and comparative plotted 

in Fig. 3 and separately plotted in ESI Fig. S19-S24. All the IR spectroscopic signals were assigned 

according to the previously reported related literature [63], the stretching vibrations of N-H in NH3 in 

each C1-C6 were observed in 3454-3444 cm
-1

 region. The stretching vibration of C=N was assigned in 

1642-1637 cm
-1

 region and the broad peak around 1080-1040 cm
-1

 regions was the stretching vibration 

peak of BF4 anions, which is also the main difference between C1-C6 and SC1-SC6, confirming that Cl 

is exchanged with NH3 [63, 64].  



 

Fig. 3. Comparative FT-IR spectra plot of C1-C6 

2.1.4. Single crystal description of C1, C3, C4 and C6 

C1, C3, C4 and C6 were dissolved in CH2Cl2 n-hexane solution, and the crystal suitable for single crystal 

X-ray analysis were obtained by slow evaporation at rt. The structural data were plotted in Fig. 4 - Fig. 7 

for (C1), (C3), (C4) and (C6) respectively and the structural parameters were listed in Table 1 and 2. C1 

and C3 belonged to the monoclinic crystal system while C4 and C6 belonged to the triclinic crystal 

system. In all these crystals, the coordination atom ONS came from the main salicylaldimine ligands, O 

atom was covalently bonded to Pt(II), while SN atoms were coordinate covalently bonded to Pt(II), and 

the whole coordination assembly was in planar symmetry [66]. The fourth coordinate of Pt(II) in each 

complex was completed by the co-ligand NH3 (Fig. 4, 5, 6 and 7). Bond lengths and angles around Pt 

center in C1, C3, C4 and C6 were given in Fig. 4B, 5B, 6B and 7B and Table 2. The bond lengths and 

bond angles in both C1, C3, C4 and C6 were almost similar (Table 2 entry 1-4). The longest bond length 

in C1, C3, C4 and C6 were Pt(1)-S(1) bonds, which were found 2.227(19), 2.326(13), 2.2337(13) and 

2.2295(11) Å respectively (Table 2 entry 1), the shortest bond length in C1 and C4 was Pt(1)N(1) bond 

while in C3 was Pt(1)O(1) bond and in C6 was Pt(1)N(2) bond (Table 2 entries 2, 3 and 4). In addition, 

other bond lengths were almost similar. Similarly, the bond angles of the different coordinated atoms of 

the four complexes at Pt(II) center were almost the same. The biggest bond angles in C1, C3, C4 and C6 

were ∠O(1/2)-Pt(1)-S(1), the smallest bond angles of C1, C3 and C4 were ∠O(1/2)-Pt(1)-N(2), and in C6 

was ∠O(1/2)-Pt(1)-N(1). 

There were different interaction between the molecules in the crystal packing of each complex (Fig. 4C, 

5C, 6C, 7C), 1D chains were formed by these interaction and further interaction and stacking of 1D 



chains formed a three-dimensional arrangement in the crystal packing of each (C1, C3, C4 and C6) (Fig. 

4D, 5D, 6D, 7D). 

 

Fig. 4. Single crystal data plot of C1 at 50% probability of the thermal ellipsoid (A) single molecule 

showing atoms coordinated with Pt(II) (B) coordination bond lengths (C) plot showing close contacts 

with neighboring molecules and  distances of close contacts (D) 1D chain formation of molecules in 

crystal packing, the BF4 anions were disordered in this crystal but we showed them as there were 

mandatory molecular interactions with these anions 



 

Fig. 5. Single crystal data plot of C3 at 50% probability of the thermal ellipsoids (A) Molecular plot 

showing atoms around Pt(II) (B) bond lengths (C) distances of close contacts (D) arrangement of 

molecules forming 1D chains  



 

Fig. 6. Single crystal data plot of C4 at 50% probability of the thermal ellipsoids (A) single molecule plot 

(B) bond lengths between Pt and other atoms (C) plot showing close contacts lengths with neighboring 

molecules (D) arrangement of molecules in 1D manner through stacking and close contacts 



 

Fig. 7. Single crystal data plot of C6 at 50% probability of the thermal ellipsoids (A) single molecule plot 

showing coordinated atoms (B) bond lengths between Pt and other atoms (C) plot showing close contacts 

lengths (D) arrangement of molecules crystal packing through close contacts or stacking  

Table 1 Structure refinement parameters of C1, C3, C4, and C6 

 C1 C3 C4 C6 

Empirical 

formula 
C14H15BF4N2OPtS C15H14BF5NOPtS C19H17BF4N2OPtS 

C20H19BF4N2O2Pt

S 

Formula weight 541.24 557.23 603.30 633.33 

Temperature (K) 200.00(10) 200.00(10) 293.00(11) 150.00(10) 

Crystal system monoclinic monoclinic triclinic triclinic 

Space group P21/n P21/n P-1 P-1 

Unit cell 

dimensions 

 

4.9510(3) 

 

4.81391(14) 

 

8.7534(5) 

 

8.8308(5) 



a (Å) 

b (Å) 

c (Å) 

α (°) 

β (°) 

γ (°) 

17.5429(17) 

20.2136(13) 

90 

92.181(6) 

90 

17.9599(5) 

20.0712(6) 

90 

91.066(3) 

90 

10.7491(6) 

11.6744(8) 

88.285(5) 

82.145(5) 

67.495(5) 

10.5735(5) 

11.8531(5) 

89.626(4) 

83.516(4) 

68.602(5) 

Volume (Å3) 1754.4(2) 1735.00(9) 1004.98(11) 1023.15(9) 

Z 4 4 2 2 

Density 

(calculated) 

(mg/m3) 

2.049 2.133 1.994 2.056 

Absorption 

coefficient (mm-

1) 

8.159 16.769 7.134 7.016 

F(000) 1024.0 1052.0 576.0 608.0 

Crystal size 

(mm3) 
0.14 × 0.12 × 0.11 0.15 × 0.11 ×0.09 0.12 × 0.1 × 0.08 0.13 × 0.1 × 0.08 

Theta range for 

data collection (°) 
4.644 to 49.986 6.604 to 133.176 4.536 to 50 4.14 to 49.994 

Index ranges 
-5 ≤ h ≤ 5, -16 ≤ k 

≤ 20, -19 ≤ l ≤ 24 

-3 ≤ h ≤ 5, -19 ≤ 

k ≤ 21, -23 ≤ l ≤ 

22 

-10 ≤ h ≤ 10, -12 ≤ 

k ≤ 10, -13 ≤ l ≤ 

13 

-10 ≤h  ≤10, -9   ≤ 

k  ≤ 12, -14  ≤ l ≤ 

14 

Reflections 

collected 
7394 5824 7391 6732 

Independent 

reflections 

3071 [Rint = 

0.0414, Rsigma = 

0.0649] 

3066 [Rint = 

0.0620, Rsigma = 

0.0751] 

3540 [Rint = 

0.0520, Rsigma = 

0.0672] 

3598 [Rint = 

0.0335, Rsigma = 

0.0577] 

Data / restraints / 

parameters 
3071/64/256 3066/0/228 3540/0/263 3598/0/282 

Goodness-of-fit 

on F2 
0.957 1.062 0.979 1.019 

Final R indices 

[I>2sigma(I)] 

R1 = 0.0360 

wR2 = 0.0644 

R1 = 0.0838, 

wR2 = 0.2442 

R1 = 0.0295, 

wR2 = 0.0570 

R1 = 0.0266, 

wR2 = 0.0453 



R indices (all 

data) 

R1 = 0.0531, 

wR2 = 0.0711 

R1 = 0.0939, 

wR2 = 0.2636 

R1 = 0.0340, 

wR2 = 0.0608 

R1 = 0.0307, 

wR2 = 0.0577 

Largest diff. peak 

and hole (e.Å-3) 
0.16/-0.62 1.62/-1.32 0.73/-1.13 1.13/-1.11 

 

Table 2. Selected bond lengths (Å) and angles (°) around Pt atom in each C1, C3, C4 and C6 

Entry Bond/Angle C1 C3 C4 C6 

Bond length (Å)      

1 Pt(1)-S(1) 2.2270(19) 2.3264(13) 2.2337(13) 2.2295(11) 

2 Pt(1)-O(1/2) 1.986(5) 1.977(10) 2.003(3) 1.997(3) 

3 Pt(1)-N(1) 1.981(5) 1.992(12) 1.993(4) 2.047(3) 

4 Pt(1)-N(2) 2.050(6) 2.052(12) 2.057(4) 1.994(3) 

Bond angle (°)      

5 ∠O(1/2)-Pt(1)-S(1) 176.97(15) 177.5(3) 177.10(11) 176.86(8) 

6 ∠O(1/2)-Pt(1)-N(1) 95.1(2) 95.0(5) 94.32(16) 83.06(13) 

7 ∠O(1/2)-Pt(1)-N(2) 81.9(2) 81.4(5) 83.73(16) 95.09(12) 

8 ∠N(1)-Pt(1)-S(1) 87.27(16) 87.0(3) 87.26(13) 94.69(10) 

9 ∠N(1)-Pt(1)-N(2) 177.0(2) 176.3(5) 177.59(17) 177.99(13) 

10 ∠N(2)-Pt(1)-S(1) 95.70(18) 96.7(4) 94.62(12) 87.14(10) 

 

2.1.5. Stability in solution state studied by 1H NMR spectroscopy 

The stability of a platinum complex is a crucial factor affecting its biological activity. For in vitro 

biological experiments, the drug solution in most of the cases is prepared in DMSO, some time the donor 

ligands were easily replaced by DMSO that altered the structure of the Pt complex and in turn affected the 



antitumor efficacy [67-68]. At the same time, based on the antitumor mechanism of platinum complexes, 

the first step to activate Pt complex was to form H2O-Pt(II) hydrate. Based on the above two points, the 

stability of platinum complexes used as an antitumor drug candidate is important to be measured in 

DMSO and H2O [69]. We also studied the stability by repeated time-dependent 
1
H NMR spectroscopic 

analysis. C1 was used as a reference complex and time dependent 
1
H NMR analyses were performed in 

DMSO-d6 (ESI Fig. S25). As these complexes were insoluble in pure water so we selected 

15%D2O/DMSO-d6 as solvent to check the effect of presence of water on the stability of C1, time-

dependent repeated 
1
H NMR spectroscopic analyses were performed (ESI Fig. S26). These analyses 

conducted over 7 days showed no changes in the main protons chemical shifts of C1 in these two 

different media. It is confirmed that C1 has high stability in these media and could prove a potential 

anticancer agent. 

2.2. Biology 

2.2.1. Inhibition of the growth ability of TNBC cells 

TNBC is one of the most aggressive subtypes of breast cancer, and chemotherapy is the main treatment
 

[70-71]. We selected three TNBC cell lines including MDA-MB-231, MDA-MB-468 and MDA-MB-436 

to determine the cytotoxicity of C1-C6. These breast cancer cells were treated with 20 μM of each C1-C6 

or doxorubicin (Dox) for 48 hours, and the cell growth rate was measured. MTT assays results showed 

that C4 and C6 had obvious cytotoxicity in these three types of cancer cells (Fig. 8 A-C). These two 

complexes had the potential to inhibit the growth of three malignant breast cancer cells, among these C4 

had the strongest cytotoxicity. Based on this, we examined the relationship between the cytotoxicity and 

dose of C4 on three types of breast cancer cells (Fig. 8 D-F). MTT assays results showed that compared 

with CTL, C4 inhibited the growth cancer cells in concentration dependent manner, it showed 

cytotoxicity at 2.5 μM level that was further higher for higher concentration of C4 and 15 μM was 

sufficient to inhibit the growth of these cancer cells. These results indicated that C4 has a strong 

inhibitory effect on the growth of MDA-MB-231, MDA-MB-468 and MDA-MB-436 breast cancer cells 

and may be a key complex in the this group of six complexes. We have performed MTT assay in MCF-

10A cells treated with different concentrations of C4 and our results show that C4 was less cytotoxic in 

normal (MCF-10A) cells (ESI Fig. S32). 



 

Fig. 8. C1-C6 inhibited the proliferation of MDA-MB-231, MDA-MB-468 and MDA-MB-436 breast 

cancer cells; (A-C) MDA-MB-231, MDA-MB-468 and MDA-MB-436 breast cancer cells were treated 

with 20 μM of each C1-C6 and positive control doxorubicin (Dox) for 48 h, and the cell growth rate was 

measured. CTL represented DMSO treatment. (D-F) MDA-MB-231, MDA-MB-468 and MDA-MB-436 

breast cancer cells were treated with CTL, 2.5, 5, 10, 15 and 20 μM of C4 for 48 h and cell growth rate 

was measured by MTT assays 

2.2.2. Comparison of cytotoxic effect of C4 with standard chemotherapeutic agents  

We compared the cytotoxicity of C4 and commonly used chemotherapeutic drugs cisplatin, oxaliplatin 

and 5-fluorouracil (5-FU) on MDA-MB-231, MDA-MB-468 and MDA-MB-436 breast cancer cells by 

MTT assay (Fig. 9 A-C). The results showed that C4 had the strongest inhibitory effect on the growth of 

cancer cells, and the cytotoxicity effect was stronger than that of cisplatin, oxaliplatin and 5-FU. These 

results demonstrated that C4 may be a potential antitumor drug for the treatment of MDA-MB-231, 

MDA-MB-468 and MDA-MB-436 breast cancers. 



 

Fig.9. Comparison of cytotoxicity of C4 with market available anticancer drugs; (A-C) MDA-MB-231, 

MDA-MB-468 and MDA-MB-436 cells were treated with 10 μM of each C4, cisplatin, oxaliplatin 

(OXA) or 5-fluorouracil (5-FU) for 48 h, and the cell growth rate was measured. CTL represented DMSO 

treatment 

2.3.3 Effect of C4 on clonogenic potential of triple-negative-breast cancer cells  

The survival, metastasis and drug resistance of cancer cells are closely related to the clone formation 

ability of cancer cells
 
[72]. We examined the effect of C4 on the colony formation ability of MDA-MB-

231, MDA-MB-468 and MDA-MB-436 breast cancer cells (Fig. 10 A-C). The cancer cells were treated 



with DMSO, 2.5 and 5 μM C4 for 7 days and analysed. The purple color of the cancer cells culture dishes 

treated with 2.5 or 5 μM of C4 was significantly lighter as compared to the DMSO treated cells, and the 

relative absorbance was significantly decreased, indicating that C4 has the ability to inhibit the colony 

formation of MDA-MB-231, MDA-MB-468 and MDA-MB-436 cells. 

 

Fig. 10. The effect of C4 on the clone formation ability of TNBC cells; (A-C) MDA-MB-231, MDA-

MB-468 and MDA-MB-436 breast cancer cells were treated with DMSO, 2.5 or 5 μM of C4 for 7 days 

and clonogenic potential was determined using crystal violet staining assay. Color intensity reflected cell 

viability. Statistical analysis represents student t-test *p < 0.05; **p < 0.005; ***p < 0.0005. ns means 

non-specific 

2.2.4. C4 inhibited the invasion ability of different TNBC cells 

Cancer cells fall off from the primary site, first causing canceration of surrounding tissues called invasion. 

Invasive cancer cells further migrate to other new tissues and organs, eventually leading to cancer cell 

metastasis. Therefore, inhibition of cancer cell invasion inhibits cancer cell metastasis [73]. MDA-MB-

231, MDA-MB-468 and MDA-MB-436 breast cancer cells were treated with 10 μM C4 for 48 h, and the 

invasion ability of cancer cells was determined by transwell chamber cancer cell invasion assay. The 

results showed that compared with the control cells treated with DMSO (Fig. 11), the blue color of cancer 

cells treated with C4 was significantly lighter, and the relative number of invasive cells was significantly 



reduced, indicating that C4 had a strong ability to inhibit the invasion of MDA-MB-231, MDA-MB-468 

and MDA-MB-436 cells. 

 

Fig. 11. Cancer cells invasion study; (A-C) MDA-MB-231, MDA-MB-468 and MDA-MB-436 cells were 

treated with control (DMSO), or 10 μM of C4 for 48 h and invasion ability was determined by cell 

invasion assay (Magnification 20×). Statistical analysis represents student t-test *p < 0.05 

2.2.5. Tumor spheroids formation suppression by C4 in triple-negative-breast cancer cells  

Tumor stem cell formation promotes tumor development, metastasis and drug resistance [74]. We 

examined the effect of C4 on mammopshere formation/stem cell formation (Fig. 12). MDA-MB-231, 

MDA-MB-468 and MDA-MB-436 breast cancer cells were cultured as breast cancer stem cells, and then 

treated with 5 μM C4 for 7 days. The sphere formation experiment can be visually observed, compared 



with the DMSO-treated control group, the stem cell sphere formation ability of the cancer cells in the C4 

treated group was significantly reduced, indicating that C4 has the ability to inhibit the formation of 

MDA-MB-231, MDA-MB-468 and MDA-MB-436 cancer stem cells and there by blocking cancer 

progression. 

 

Fig.12. C4 inhibited the formation of mammopshere in three TNBC cells; (A-C) MDA-MB-231, MDA-

MB-468 and MDA-MB-436 breast cancer cells were grown as spheroids, treated with DMSO and C4 (5 

μM) for 7 days and the effect of C4 on the formation of mammopshere was determined. Statistical 

analysis represents student t-test *p < 0.05 

2.2.6. C4 synergized anticancer effect with palbociclib, JQ1 and paclitaxel in TNBC cells 

As a CDK4/6 inhibitor, palbociclib has been approved for the treatment of breast cancer, but TNBC is 

more resistant to palbociclib [75]. JQ1 is a bromodomain and extra-terminal domain (BET) inhibitor, 

which is a promising therapeutic drug for TNBC [76]. Paclitaxel (a microtubule-inhibiting chemotherapy) 

is the first-line chemotherapy drug for TNBC, but it increases cancer stem-like cells (CSCs) in residual 

tumors [77]. Based on mechanism, platinum drugs acting as DNA targeted drugs, the potential of C4 in 

the field of combined use was discussed by combining it with other chemotherapy drugs acting through 

other mechanisms such as palbociclib, JQ1 and paclitaxel. We examined the effects of C4 combined with 



palbociclib, JQ1 and paclitaxel on the growth of MDA-MB-231 and MDA-MB-436 breast cancer cells 

(Fig. 13 A-F). Obviously, when these four drugs were used alone, cell growth was inhibited to a certain 

extent compared with the control group. However, when C4 was combined with palbociclib, JQ1, and 

paclitaxel, the cell growth inhibition was significantly enhanced, and the inhibition of cell proliferation 

was stronger. It was proved that the combination of C4 with palbociclib, JQ1 and paclitaxel had a 

synergistic anticancer effect and induced more cancer cell death. In combination with palbociclib, JQ1 

and paclitaxel, C4 exerts an effective synergistic anticancer effect, and the inhibitory effect on tumor cell 

growth is greatly enhanced. 

 

Fig. 13. C4 synergized anticancer effect in combination with palbociclib, JQ1 or paclitaxel in triple-

negative-breast cancer cells; To study the combined effect of C4 and palbociclib, C4 and JQ1 and C4 and 

paclitaxel in MDA-MB-231 and MDA-MB-436 breast cancer cells, cancer cells were treated with DMSO, 

10 μM C4, 2.5 μM palbociclib, 5 μM JQ1 and 20 nM paclitaxel alone or in combination for 48 h and cell 

viability was measured by MTT assay, Drug combination index (CI) was calculated according to the 

method described by Chou–Talalay. CI < 1 synergism, CI = 1 additive effect and CI > 1 antagonism. 



Statistical analysis was performed using unpaired student t test. P<0.05*, P < 0.005** was considered 

statistically significant. 

2.2.7. C4 inhibited TNBC cell cycle progression by targeting the expression of 

MYC/STAT3/CCND1/CNNE1/p27. 

Transcription factors (TFs) are a class of proteins that have DNA binding domains in the promoter or 

enhancer regions of specific genes [78]. Cell cycle-related TFs can be used as potential targets for tumor 

therapy. Transcriptional modulators MYC (include C-MYC, L-MYC and N-MYC) belong to the 

superfamily of basic helix-loop-helix leucine zipper (bHLHLZ) DNA binding proteins [79]. MYC 

regulates overall gene expression, thereby promoting proliferation and many other cellular processes [80]. 

Interestingly, MYC not only promotes the transcription of the oncogenic proteins, but also suppresses the 

transcription of tumor suppressor genes
 
[81]. In addition, MYC can also inhibit the recruitment and 

activation of immune cells in TNBC by inhibiting the transcription of interferon genes [82]. STAT3 is a 

transcription factor protein that regulates gene expression related to cell cycle progression, cell survival, 

and immune response in cancer cells. Once activated, STAT3 forms a homodimer, enters the nucleus and 

binds to DNA, promoting the translation of target genes related to anti-apoptosis, angiogenesis, invasion 

and migration [83-84]. Cyclin D1 (CCND1) and Cyclin E1 (CNNE1), as cell cycle regulators, cyclin can 

form complex with CDK to promote cell cycle from the first growth G1 to DNA synthesis S phase and 

promote cell proliferation [85-88]. They play an important role in TNBC cell growth, cell cycle regulation 

and migration [89-91]. The transcription and translation of MYC and cyclin can activate STAT3 signaling 

pathway and promote cell cycle progression [92]. CDKN1B gene encodes p27 is a widely expressed cell 

cycle inhibitor that blocks cell cycle by binding and inhibiting cyclin-dependent kinase (CDK) [93]. 

MDA-MB-231 and MDA-MB-436 cells were treated with 10 μM C4 for 2 days. RT-PCR was performed 

to detect the expression of cell cycle markers MYC/STAT3/CCND1/CNNE1/p27 (Fig. 14). Obviously, 

cancer cells treated with C4, the cell cycle progression markers including MYC/STAT3/CCND1/CNNE1 

were down-regulated, while the expression of P27 was up-regulated, demonstrating that C4 strong 

potentials to inhibit cancer cell proliferation and cycle progression. 



 

Fig. 14. C4 targeted MYC, STAT3, CCND1, CNNE1 and p27 in triple-negative-breast cancer cells; 

MDA-MB-231 and MDA-MB-436 cells were treated with C4 (10 μM) for 48 h and 

MYC/STAT3/CCND1/CNNE1/p27 expressions were determined by RT-PCR. Statistical analysis 

represents student t-test *p < 0.05; **p < 0.005; ***p < 0.0005. ns means non-specific 

2.2.8. C4 inhibited TNBC cell proliferation by targeting CDK4/6 expression 

CDK4/6 is a key regulator of the cell cycle [94], overactivity leads to excessive proliferation of tumor 

cells and accelerates the transition of the cell cycle from the first growth (G1) to the DNA synthesis (S) 

stage [95-96]. CDK4/6 inhibitors block the cell cycle in G1 phase, leading to DNA double-strand damage 

and blocking the proliferation of invasive tumor cells [97]. Some preclinical experiments and clinical 

trials have shown the therapeutic effect of CDK4/6 inhibitors on TNBC, the combination therapy may 

help overcome drug resistance by targeting multiple signaling pathways in TNBC [98]. Therefore, we 

investigated the effect of these complexes on CDK4/6 expression. MDA-MB-231, MDA-MB-468 and 

MDA-MB-436 cells were treated with 10 μM of C4 for 2 days and cell cycle progression marker CDK4/6 

expression was determined by western blot (Fig. 15). Western blot data showed inhibition of CDK4/6 

expression in cells treated with C4 as compared to control cells. Importantly, the inhibition of CDK4/6 

expression by C4 was much stronger in MDA-MB-231 cells which suggested the importance of C4 in 

breast cancer cells. These results suggest that C4 caused DNA damage by inhibiting the activity of 

CDK4/6, inhibited the proliferation of tumor cells and reduced the invasion ability of cancer cells. 



 

Fig. 15. C4 targeted CDK4/6 axis in triple-negative-breast cancer cells; MDA-MB-231, MDA-MB-468 

and MDA-MB-436 cells were treated with C4 (10 μM) for 2 days and CDK4/6 expression was 

determined by western blot. Tubulin was used as a loading control. Statistical analysis represents student 

t-test *p < 0.05; **p < 0.005; ***p < 0.0005  

2.2.9. C4 suppressed epithelial-mesenchymal transition (EMT) expressions 

Epithelial-mesenchymal transition (EMT) plays an important role in the invasion and metastasis of breast 

cancer cells. Through EMT, cancer cells can obtain higher invasion and migration ability. Inhibition of 

EMT may be an effective way to inhibit breast cancer metastasis [99]. Mesenchymal proteins Twist-

related protein 1 (TWIST1), zinc finger protein SLUG (SLUG) and Zinc-finger E-box binding homebox 1 

(ZEB1) promote the mesenchymal transition by inhibiting the expression of E-cadherin, thereby causing 

the disintegration of cell-cell adhesion and inducing EMT [100-101]. As a key biomarker of EMT, 

vimentin is expressed in mesenchymal cells and is up-regulated during tumor metastasis [102]. E-

cadherin and tight junction protein ZO-1 (TJP1) are epithelial marker proteins in the process of EMT, 

which are the key components to inhibit tumor invasion and metastasis, the expression of ZO-1 is down-



regulated in EMT [103-105]. Therefore, we investigated the effect of C4 on 

TWIST1/SLUG/ZEB1/VIM/ZO-1 expressions. MDA-MB-231 cells were treated with 10 μM of C4 for 2 

days and EMT markers TWIST1/SLUG/ZEB1/VIM/ZO-1 expression was determined by RT-PCR (Fig. 

16). RT-PCR data showed inhibition of TWIST1/SLUG/ZEB1/VIM expression and enhanced ZO-1 

expression in cells treated with C4 as compared to control cells. These results suggested the importance 

of C4 in killing cancer cells, thereby inhibiting the EMT process and reducing the invasion and metastasis 

of cancer cells. 

 

Fig. 16. Effect of C4 on EMT in triple-negative-breast cancer cells; MDA-MB-231 cells were treated 

with 10 μM of C4 for 2 days. TWIST1, SLUG, ZEB1, VIM and ZO-1 expressions were determined by 

RT-PCR. Statistical analysis represents student t-test *p < 0.05; **p < 0.005; ***p < 0.0005 

3. Discussion 

Chemotherapy is a popular and successful method of cancer treatment, after cisplatin is approved as an 

chemotherapeutic drug in clinical practices, platinum drugs have attracted much attention in the field of 

anticancer drug research, but they were often accompanied by serious side effects and severe drug 

resistance, which limited the use of platinum drugs [106]. Cisplatin has been widely used in the treatment 

of cancer, but its efficacy is indeed affected by adverse reactions and drug resistance. Although 

transplatin has been neglected because it did not show anticancer activity, it has been found that its 

derivatives have excellent anticancer activity against a variety of cancers [57]. 

Based on this, we synthesized C1-C6 with SNO donor salicylaldimine ligands bearing different functions 

and NH3 co-ligand at trans-position by a simple and efficient method and characterized them by detailed 

structure elucidation techniques. The exact assembly of the ligands and Pt(II) in solid state was studied by 

single crystal X-ray analysis. Similarly, we analyzed their stability in solution using NMR methods. The 



in vitro anticancer activity results showed that they have excellent anti-TNBC activities through multiple 

mechanistic pathways. 

TNBC is a subtype of malignant breast cancer with extensive heterogeneity, high metastasis rate, severe 

chemotherapy resistance, poor clinical effect, high recurrence rate and adverse prognosis [107]. 

Chemotherapy as an important method for the treatment of TNBC faces enormous challenges, and it is 

urgent to develop new chemotherapy drugs to alleviate this situation [108]. 

We carried out a detailed in vitro antitumor activity analyses, firstly, the antitumor activity on three 

selected TNBC cell lines including MDA-MB-231, MDA-MB-468 and MDA-MB-436 was tested. All 

these complexes showed good cytotoxicity in these cancer cells. C4 inhibited cell growth most obviously 

and had the best cytotoxic effect in a dose-dependent manner. Next, C4 was compared with cisplatin, 

oxaliplatin and 5-FU, we found C4 had better antitumor activity as compared to these drugs. In addition, 

C4 has the ability to inhibit the colony formation of MDA-MB-231, MDA-MB-468 and MDA-MB-436 

breast cancer cells and inhibited the invasion and metastasis of cancer cells. At the same time, C4 also 

inhibited the generation of tumor stem cells, inhibited the progress of tumor cells and showed a good 

synergistic antitumor effect when combined with palbociclib, JQ1 and paclitaxel respectively. These 

results confirmed the potential of C4 in the field of anti-TNBC. Based on the above performance of C4 in 

anti-TNBC, we further explored the specific mechanism of C4 regulating tumor cell invasion, stemness, 

and cell cycle progression. Mechanistically, MYC/STAT3/CCND1/CNNE1/p27 are cell cycle-related 

proteins, MYC/STAT3/CCND1/CNNE1 are positive regulators of cell cycle while p27 is a negative 

regulator of cell cycle. In the process of cancer cell cycle MYC/STAT3/CCND1/CNNE1 is up-regulated, 

while p27 is down-regulated. RT-PCR was used to detect the expression of these cell cycle markers in 

cancer cells treated with C4, and the down-regulation of the positive regulator 

MYC/STAT3/CCND1/CNNE1 was observed, while P27 was just the opposite, indicating that C4 inhibits 

cell cycle progression and inhibits cancer cell proliferation by targeting 

MYC/STAT3/CCND1/CNNE1/p27. CDK4/6 is a cyclin-dependent kinase that forms complexes with 

cyclins (MYC/STAT3/CCND1 etc.) during cell cycle progression, thereby promoting the transition of 

cell cycle progression from G1 phase to S phase. However, when TNBC was treated with C4, the 

expression of CDK4/6 was observed to be inhibited compared with the control group, thereby affecting 

the cell cycle progression, which was consistent with the expression of the above cell cycle-related 

proteins. It is indicated that C4 regulated the expression of MYC/STAT3/CCND1/CNNE1/p27 by 

inhibiting the expression of CDK4/6, thereby inhibited the cell cycle process of cancer cells, inhibited the 

proliferation of cancer cells and reduced their ability to invade.  



The occurrence of EMT increases the motivation for the invasion and migration of cancer cells. In this 

process, the expression of TWIST1/SLUG/ZEB1/VIM protein is increased, while the expression of 

another marker ZO-1 is inhibited. The expression of TWIST1/SLUG/ZEB1/VIM was significantly down-

regulated in MDA-MB-231 cells treated with C4, while the expression of ZO-1 was up-regulated, 

indicating that C4 inhibited EMT transformation by regulating the expression of mesenchymal markers 

and inhibited the invasion and migration of cancer cells. 

It is concluded that these SNON donor ligands based Pt(II) complexes have the potential to suppress the 

growth, invasion, EMT and tumorigenesis of TNBC of which C4 has the best antitumor activity. C4 

inhibited the cell cycle progression and proliferation of cancer cells by targeting cyclin-dependent kinase 

CDK4/6 and MYC/STAT3/CCND1/CNNE1 axis. C4 suppressed the clonogenic potential and spheroids 

formation ability of TNBC cells, which suggested that C4 could be a potential anticancer agent to 

suppress the clone formation ability and cancer stemness of TNBC. C4 synergized anticancer effect with 

palbociclib, JQ1 and paclitaxel, thus suggesting an important chemotherapeutic role of C4 in TNBC. 

These results showed the potentials of these complexes as anti-TNBC drugs and further provide a base for 

further exploration in other types of cancers.  

4. Materials and methods 

4.1. Chemistry 

4.1.1. General experimental and materials 

All the solvents and reagents involved in the experimental work and test process were purchased from 

commercial sources.  The solvents used in 
1
H and 

13
C NMR spectroscopy were DMSO-d6/D2O and the 

test instrument was Bruker AVANCE II 500 MHz machine. HR-ESI-MS spectra of C1-C6 were 

measured using water G2-Xs QTof mass spectrometer using a CH2Cl2 solution of each complex. Crystal 

data for C1, C3, C4 and C6 were collected at rt or low temperature on a Rigaku Oxford Diffraction 

Supernova Dual Source, Cu at Zero equipped with an AtlasS2 CCD using Cu Kα radiation. Oxford 

Diffraction, Xcalibur CCD System. CrysAlisPro. is used for data acquisition. Oxford Diffraction Ltd: 

Abingdon, England, UK, 201024. The structures were solved by direct methods using Olex2 software 

[109] and the non-hydrogen atoms were located from the trial structure and then refined anisotropically 

with SHELXL-2018 [110] using a full-matrix least squares procedure based on F
2
.
 
The weighted R factor, 

wR and goodness-of-fit S values were obtained based on F
2
. The hydrogen atom positions were fixed 

geometrically at the calculated distances and allowed to ride on their parent atoms. Crystallographic data 



was submitted to Cambridge Crystallographic Data Center under CCDC 2342977-2342980 for each C1, 

C3, C4 and C6.  All this data can be obtained by email at: deposit@ccdc.cam.ac.uk, tel: +44-1223336408 

and fax: +44-1223336003. 

4.1.2. General procedure for the synthesis of C1‒C6 

0.1 mmol of the particular starting complex (SC1-SC6) [63, 65] and 1.2 equivalents 1.2 mmol of AgBF4 

were taken 20 mL of 40% methanol/CH2Cl2 solvent mixture and stirred vigorously at reflux (50 °C). 

After 12 h when all the starting complex was consumed (checked by TLC, eluted with 2% 

methanol/CH2Cl2 mixture), the reaction mixture was cooled to rt and further diluted to 50 mL with 40% 

methanol/CH2Cl2 mixture. It was filtered through celite to remove the black solid that was further washed 

with 40% methanol/CH2Cl2 mixture. The filtrate was added with excess 2 mL of ammonium hydroxide 

and further stirred at rt till completion (checked by TLC, eluted with 2% methanol/CH2Cl2 mixture). After 

6 h when all the starting materials were consumed and a single spot of the product was observed on the 

TLC plate the reaction mixture was evaporated to dryness. 10 mL of deionized water was added and 

stirred for a while that precipitated a yellow to orange solid, the solid was filtered and washed with 

deionized water and dried in air to stable mass. Each complex was obtained in good yield and was further 

characterized in detail. 

C1, 72% yield, light yellow solid. FT-IR (KBr pellet) cm
-1

: 3445, 2926, 1641, 1399, 1066, 672, 543.
 1
H 

NMR (500 MHz, DMSO-d6) δ 9.60 (s, 1H), 8.46 (d, J = 8.6 Hz, 1H), 8.12 (dd, J = 7.9, 1.5 Hz, 1H), 7.94 

(dd, J = 8.1, 1.8 Hz, 1H), 7.69-7.62 (m, 2H), 7.53 (t, J = 7.5 Hz, 1H), 7.08 (d, J = 8.6 Hz, 1H), 6.87 (t, J = 

7.5 Hz, 1H), 5.01 (s, 3H), 2.99 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 162.22, 155.18, 152.17, 137.63, 

136.95, 132.26, 132.15, 130.08, 128.70, 121.39, 120.53, 119.02, 117.96, 28.83ppm. HRMS (ESI): Calcd 

for C14H15N2OPtS, 454.0553: Found: 454.0553, [M-BF4]
+
. 

C2, 78% yield, light yellow solid. FT-IR (KBr pellet) cm
-1

: 3439, 2921, 1641, 1533, 1399, 1049, 668,551. 

1
H NMR (500 MHz, DMSO-d6) δ 9.57 (s, 1H), 8.47 (d, J = 8.6 Hz, 1H), 8.14 (d, J = 7.8 Hz, 1H), 7.73 (s, 

1H), 7.63 (t, J = 7.7 Hz, 1H), 7.52 (t, J = 8.0 Hz, 3H), 7.00 (d, J = 8.7 Hz, 1H), 5.01 (s, 3H), 3.00 (s, 3H), 

2.30 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 160.72, 154.71, 152.22, 139.34, 135.47, 132.26, 132.14, 

129.91, 128.64, 126.26, 120.91, 120.33, 118.88, 28.79, 20.08ppm. HRMS (ESI): Calcd for  

C15H17N2OPtS, 468.0709: Found: 468.0704, [M-BF4]
+
. 

C3, 81% yield, light yellow solid. FT-IR (KBr pellet) cm
-1

: 3453, 2921, 1637, 1079, 668, 538. 
 1
H NMR 

(500 MHz, DMSO-d6) δ 9.61 (s, 1H), 8.41 (d, J = 8.4 Hz, 1H), 8.15 (d, J = 7.7 Hz, 1H), 7.76 (d, J = 9.5 

Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H), 7.56 (dt, J = 15.2, 7.1 Hz, 2H), 7.06 (dd, J = 9.0, 4.3 Hz, 1H), 5.04 (s, 



3H), 3.00 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 159.03, 154.82, 154.47, 152.96, 151.95, 132.31, 

132.19, 130.32, 128.93, 126.15, 125.95, 122.14, 122.07, 120.34, 120.27, 119.09, 118.99, 118.91, 

28.80ppm. HRMS (ESI): Calcd for C14H14FN2OPtS, 472.0459: Found: 472.0457, [M-BF4]
+
. 

C4, 79% yield, light yellow solid. FT-IR (KBr pellet) cm
-1

: 3444, 2930, 1641, 1040, 668, 543.  
1
H NMR 

(500 MHz, DMSO-d6) δ 9.69 (s, 1H), 8.55 (d, J = 8.5 Hz, 1H), 7.99 (dd, J = 8.2, 1.8 Hz, 1H), 7.89 (dd, J 

= 7.9, 1.4 Hz, 1H), 7.87-7.80 (m, 2H), 7.71-7.63 (m, 2H), 7.56-7.44 (m, 4H), 7.08 (d, J = 8.6 Hz, 1H), 

6.91 (t, J = 7.4 Hz, 1H), 4.99 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 162.28, 155.67, 152.12, 137.83, 

137.07, 132.85, 132.62, 132.19, 132.09, 131.97, 130.58, 130.53, 128.87, 121.41, 120.40, 119.26, 

118.15ppm. HRMS (ESI): Calcd for C19H17N2OPtS, 516.0709: Found: 516.0708, [M-BF4]
+
. 

C5, 88% yield, light yellow solid. FT-IR (KBr pellet) cm
-1

: 3448, 2926, 1641, 1394, 1312, 1040, 672, 

547.
1
H NMR (500 MHz, DMSO-d6) δ 9.61 (s, 1H), 8.52 (d, J = 8.6 Hz, 1H), 7.85 (dd, J = 20.1, 7.7 Hz, 

3H), 7.76 (s, 1H), 7.63 (t, J = 7.9 Hz, 1H), 7.56-7.48 (m, 4H), 7.44 (t, J = 7.5 Hz, 1H), 7.00 (d, J = 8.7 Hz, 

1H), 4.97 (s, 3H), 2.32 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 160.77, 155.24, 152.17, 139.53, 135.59, 

132.85, 132.62, 132.14, 132.11, 131.93, 130.57, 130.38, 128.79, 126.50, 120.92, 120.21, 119.11, 20.07 

ppm. HRMS (ESI): Calcd for C20H19N2OPtS, 530.0866: Found: 530.0863, [M-BF4]
+
. 

C6, 86% yield, light yellow solid. FT-IR (KBr pellet) cm
-1

: 3444, 2926, 1641, 1074, 672, 534. 
1
H NMR 

(500 MHz, DMSO-d6) δ 9.68 (s, 1H), 8.51 (d, J = 8.6 Hz, 1H), 7.91-7.80 (m, 3H), 7.64 (t, J = 7.4 Hz, 1H), 

7.57-7.37 (m, 6H), 7.03 (d, J = 9.3 Hz, 1H), 4.97 (s, 3H), 3.80 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 

158.13, 154.82, 152.25, 150.96, 132.92, 132.62, 132.17,132.12, 131.95, 130.59, 130.35, 128.83, 128.69, 

121.44, 120.24, 119.00, 115.12, 56.07ppm. HRMS (ESI): Calcd for C20H19N2O2PtS, 546.0815: Found: 

546.0812, [M-BF4]
+
. 

 

4.2. Biology 

4.2.1. Cell culturing 

MDA-MB-231, MDA-MB-468 and MDA-MB-436 triple-negative breast cancer cells were obtained from 

ATCC and maintained in DMEM (Gibco) supplemented with 10% FBS (Gibco) and 1% PEST 

(penicillin-streptomycin) (Merk Millipore). Cells were grown in 37 ℃ and 5% CO2 incubator. 



4.2.2. Cell viability assay 

Cell viability assay was  performed using MTT assay. MDA-MB-231, MDA-MB-468 and MDA-MB-436 

cells were plated in 96 well plates and next day treated with indicated concentartion of C1-C6 for 48 h 

followed by MTT assay. MTT reagent (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) 

(Thermo Fisher Scientific) was added to each 96 well for 2 h and 96 well plates were incubated at 37 ℃ in 

5% CO2 incubator. After 2 h media conataining MTT was  removed and then 100 µL of DMSO was 

added to each well to dissolve formazan crystals. Readings wre taken at 490 nm and data analysis was 

performed. 

4.2.3. Clonogenic assay 

MDA-MB-231, MDA-MB-468 and MDA-MB-436 cells were seedeed in 24 well plates and then next day 

treated with DMSO, 2.5 and 5 μM of C4. After  3 days treatment, old media was removed from plates and 

fresh media was added. After total 7 days of incubation, media was removed from cells and washed 3 

times with 1XPBS. Cells were then fixed with (acetic acid:methanol 1: 7) fixation solution for 20 min at 

rt. After removal of fixation solution, cells were stained with 0.5% crystal violet (Sigma Aldrich) solution 

for 20 min at rt. After removal of crystal violet solution, cells were washed with tap water 3-5 times  to 

remove excess crystal violet dye. Plates were dried and then scanned to take images. After that a mixture 

of 50% ethanol and acetic acid (1: 1) solution was added to each well and readings were performed at 570 

nm. 

4.2.4. Invasion assay 

For invasion assay MDA-MB-231, MDA-MB-468 and MDA-MB-436 cells were plated into transwell 

inserts (Corning, USA). Transwell inserts were pre-coated with matrigel (BD). MDA-MB-231, MDA-

MB-468 and MDA-MB-436 cells were treated with DMSO and C4. Lower part of chambers were filled 

with 500 μL medium supplemented with 20% FBS. After 24 h of incubation, cells those penetrated were 

fixed with fixation solution (methanol) for 20 min at rt. After that cells  were stained with 0.5% crystal 

violet solution for 20 min at rt. Chambers were washed with water to remove excess of  crystal violet 

solution and images were taken. 

4.2.5. Mammosphere/spheroids formation assay 

MDA-MB-231, MDA-MB-468 and MDA-MB-436 cells were grown as mammosphere/ spheroids in 96 

well ultra-low attachment plates (Corning)  and then treated with DMSO or C4 (5 μM) for 7 days. 

Mammosphere/spheroids medium was prepared using B27 supplement (Thermo Fisher Scientific), 

DMEM / F12 medium (Thermo Fisher Scientific), basic fibroblast growth factor (bFGF) (Sigma Aldrich) 



and epidermal growth factor (EGF) (Thermo Fisher Scientific). After 7 days of incubation bright field 

images were taken. 

4.2.6. Drugs synergism study 

MDA-MB-231, MDA-MB-468 and MDA-MB-436 cells were plated in 96 well plates and then treated 

with C4, JQ1, Palbociclib, and Paclitaxel alone or in combination (C4 and JQ1 combination), (C4 and 

Palbociclib combination) and  (C4 and Paclitaxel combination) and then MTT assay was performed to 

determine cell proliferation. For synergism study, drug combination index (CI) was calculated according 

to the method described by Chou–Talalay [111]. CI < 1 synergism, CI = 1 additive effect and CI > 1 

antagonism. Statistical analysis was performed using unpaired student t test. P<0.05*, P < 0.005** was 

considered statistically significant. 

4.2.7. RNA extarction and RT-PCR 

MDA-MB-231, MDA-MB-468 and MDA-MB-436 breast cancer cells were plated  in 96 well plates, next 

day treated with DMSO or C4 for 48 h. TRIzol reagent (Invitrogen, USA) was used to extract the total 

RNA following the protocol. PrimeScript TM RT Reagent Kit (Takara, Japan) was used for reverse 

transcription. After that RT-PCR analysis was performed using SYBR Green Master Mix following the 

instructions from manufacturer. β-actin was used as internal control. Following primers were used; 

MYC: 

Forward Sequence CCTGGTGCTCCATGAGGAGAC 

Reverse Sequence CAGACTCTGACCTTTTGCCAGG 

STAT3: 

Forward Sequence CTTTGAGACCGAGGTGTATCACC 

Reverse Sequence GGTCAGCATGTTGTACCACAGG 

 

CCND1: 

Forward Sequence TCTACACCGACAACTCCATCCG 

Reverse Sequence TCTGGCATTTTGGAGAGGAAGTG 



CCND1: 

Forward Sequence TGTGTCCTGGATGTTGACTGCC 

Reverse Sequence CTCTATGTCGCACCACTGATACC 

P27: 

Forward Sequence ATAAGGAAGCGACCTGCAACCG 

Reverse Sequence TTCTTGGGCGTCTGCTCCACAG 

TWIST1: 

Forward Sequence GCCAGGTACATCGACTTCCTCT 

Reverse Sequence TCCATCCTCCAGACCGAGAAGG 

SLUG: 

Forward Sequence ATCTGCGGCAAGGCGTTTTCCA 

Reverse Sequence GAGCCCTCAGATTTGACCTGTC 

ZEB1: 

Forward Sequence GGCATACACCTACTCAACTACGG 

Reverse Sequence TGGGCGGTGTAGAATCAGAGTC 

Vimentin: 

Forward Sequence AGGCAAAGCAGGAGTCCACTGA 

Reverse Sequence ATCTGGCGTTCCAGGGACTCAT 

ZO-1 

Forward Sequence GTCCAGAATCTCGGAAAAGTGCC 

Reverse Sequence CTTTCAGCGCACCATACCAACC 



4.2.8. Western blot 

MDA-MB-231, MDA-MB-468 and MDA-MB-436 cells were plated in 96 well plates, next day treated 

with DMSO or C4. After treatment for 48 h, cells were collected as a pellet. Then cell pellets were 

washed with 1XPBS and RIPA lysis buffer containing 1.0% NP-40, 50 μM Tris (pH 8.0), 120 μM sodium 

chloride 0.1% SDS and 0.5% sodium deoxycholate along with protease inhibitors cocktail. Lysis was 

perfromed for 30 minutes on ice  and then centrifugation was performed at 4 ℃ for 15 min and 

supernatant was collected. Protein quantification was performed and then samples were boiled at 95 ℃ for 

5 min in 5X loading buffer. Samples were run on gel and PVDF membrane was used for transfer process. 

Blocking was performed using 5% non-fat dry milk that in 1X TBST. For 1 h at rt. Then membranes were 

incubated with indicated primary antibodies for overnight at 4 ℃. Next day, primary antibodies were 

removed and then membrane was washed with 1X TBST for three times. Membranes were then incubated 

with secondary antibody for 2 h at rt. Then secondary antibody was removed from membrane and  

washed with 1X TBST three times.  ECL solution (Pierce™ ECL Western Blotting Substrate) was used to 

detect the signal. CDK4 (D9G3E) Rabbit mAb #12790 (cell signaling technology), CDK6 (D4S8S) 

Rabbit mAb #13331(cell signaling technology) and α-Tubulin Antibody #2144 (cell signaling 

technology). 
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