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Supplementary Figures 

 



 
Figure S1. Beta-adrenergic and opioidergic agents suppress breast tumor cells’ clonogenic behavior, cell migration, and inva-

sion. Representative images of MDA-MB-231 (A), MDA-MB-468 (B), and T47D (C) crystal violet stained cell colonies after 14 days 

of treatment with a 100 μM dose of PRO and NTX alone or in combination. The crystal violet stained cell colonies were extracted 

with 10% acetic acid and used for optical density (OD) measurements for determination of colony growth. These data are presented 

in Fig. 1B-D.  Cell migration was determined using transwell migration assay. Cells were stained with 0.5% crystal violet from con-

trol or after NTX, PRO, or NTX+PRO treatments as described in materials and methods. Representative images of migrated MDA-

MB-231 cells (D), MDA-MB-468 cells (E), and T47D cells (F) are shown. The mean  ± SEM values of cell migration data are pre-

sented in Figure 1E-G.  Cell invasion was tested on a MatrigelTM coated membrane. Cells were treated with the drugs and stained 



with 0.5% crystal violet after completion of the test. Representative images are shown here for MDA-MB-231 cells (G), MDA-MB-

468 cells (H), and T47D cells (I), and mean ± SEM values of cell invasion data are presented in Figure 1H–J. 

 

 

 

 
Figure S2. Beta-adrenergic and opioidergic agents increase the cell growth arrest in breast cancer cell lines. Cell cycle analysis of 

MDA-MB-231 (A), MDA-MB-468 (B), and T47D (C) cells following treatments with NTX, PRO, or NTX+PRO were conducted as 

described in materials and methods. Cells were treated with a 100 μM concentration of the beta-adrenergic and opioidergic drugs 

alone or in combination or vehicle alone for 24 hours. After the treatment period, cells were stained with PI, analyzed for cell cycle 

distribution using flow cytometry, and shown as grafts. Proportions of cells in each phase were quantified and shown as histo-

grams in Figure 2A–C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S3 Original gel blots (Refer to Figure4,5,7,8): 

 

 
 



 
 





 
 

 

 

 

 



 
 



 
 

 
 



 
 

 

 



 
Figure S4. Beta-adrenergic and opioidergic agents increase apoptotic protein levels in breast cancer cell lines. Apoptotic regula-

tory protein levels of MDA-MB-231 (A,D,G,J), MDA-MB-468 (B,E,H,K), and T47D (C,F,I,L) cells following treatments with NTX, 

PRO, or NTX+PRO were conducted as described in materials and methods. Cells were treated with a 100 μM concentration of the 

beta-adrenergic and opioidergic drugs alone or in combination or vehicle alone for 48 hours. After the treatment period, some cells 

were extracted and used for Western blot analysis of Bcl-xL, Bcl-2, Bax, and CC3. Representative blots were presented on the top 

and mean densitometric values are presented as ratio of β-actin in the histograms. Data presented are mean ± SEM (n = 5–6 sam-

ples/group) and were analyzed using one-way ANOVA with the Newman-Keuls multiple 

  



Supplementary Tables 

 
 

Table S2: List of antibodies & dyes used in flow cytometry 

 

Cell type Reactivity Conjugate Clone Company Catalogue 

# 

Dilution 



Monocytes Mouse anti rat 

CD11b 

FITC ED8 Bio-Rad, Philadel-

phia, PA 

MCA619F 1:100 

B-cells Mouse anti-rat 

CD45RA 

APC-Cy™7  OX-33 BD Biosciences, 

San Jose, CA 

561624 1:100 

NK cells Mouse anti-rat 

CD161a 

PE 10/78 BD Biosciences, 

San Jose, CA 

555009 1:100 

Macrophage Mouse anti-rat 

RT1B 

PerCP OX-6  BD Biosciences, 

San Jose, CA 

557016 1:100 

Live/Dead 

cells 

 DAPI  Sigma, St. Louis, 

MO 

D-9542 1μg/mL 

 

 

Table S3: List of isotype control & beads used in flow cytometry 

 

Reactivity Conjugate Clone Company Catalogue # Dilution 

Mouse IgG1 Nega-

tive Control 

FITC  Bio-Rad, Philadel-

phia, PA 

MCA1209F 1:100 

Mouse IgG1, κ Iso-

type Control 

APC-Cy™7 MOPC-21 BD Biosciences, San 

Jose, CA 

557873 1:100 

Mouse IgG1, κ Iso-

type Control 

PE MOPC-31C BD Biosciences, 

San Jose, CA 

550617 1:100 

Mouse IgG1, κ Iso-

type Control 

PerCP MOPC-31C BD Biosciences, 

San Jose, CA 

550672 1:100 

Anti-Rat Ig, κ/Negative Control Compensation Particles 

Set  

BD Biosciences, 

San Jose, CA 

552844  

 

 

 
Table S4: CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on MDA-MB-231 cells (24 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.362710452 0.04338 93.68 Synergistic 

0.002 -1.377475138 0.04193 92.26 Synergistic 

0.02 -0.658921763 0.21932 90.75 Synergistic 

0.1 -0.065082606 0.86083 90.12 Synergistic 

0.2 -0.312185764 0.48732 86.17 Synergistic 

1 -0.050171041 0.8909 82.11 Synergistic 

2 0.293976542 1.96778 82.55 Antagonistic  

5 0.500656291 3.16706 80.53 Antagonistic  

10 0.653350501 4.50143 78.84 Antagonistic  

20 0.689543262 4.89264 75.55 Antagonistic  

30 0.570937362 3.72338 71.48 Antagonistic  

40 0.479627129 3.01736 68.23 Antagonistic  

50 0.409635606 2.56824 65.58 Antagonistic  

60 0.330943128 2.14261 62.97 Antagonistic  

70 0.168939214 1.4755 59.03 Antagonistic  

80 -0.200094546 0.63082 51.33 Synergistic 

100 -0.254082433 0.55708 48.55 Synergistic 

120 -0.619228157 0.24031 40.40 Synergistic 

140 -0.644088949 0.22694 38.75 Synergistic 

160 -1.079302866 0.08331 30.31 Synergistic 



180 -1.10419085 0.07867 29.09 Synergistic 

200 -1.300248968 0.05009 25.39 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 

 

CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on MDA-MB-231 cells (48 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.339798799 0.04573 93.6 Synergistic 

0.002 -1.331055266 0.04666 92.28 Synergistic 

0.02 -0.611561303 0.24459 90.78 Synergistic 

0.1 -0.031073644 0.93095 90.07 Synergistic 

0.2 -0.260056014 0.54947 86.26 Synergistic 

1 -0.001452971 0.99666 82.2 Synergistic 

2 0.347031274 2.22347 82.68 Antagonistic  

5 0.598108446 3.96377 81.16 Antagonistic  

10 0.614568208 4.11688 77.92 Antagonistic  

20 0.65443935 4.51273 74.6 Antagonistic  

30 0.54856261 3.53641 70.65 Antagonistic  

40 0.595957828 3.94419 69.5 Antagonistic  

50 0.372983766 2.36039 64.49 Antagonistic  

60 0.284405916 1.92489 61.71 Antagonistic  

70 0.025043571 1.05936 56.07 Antagonistic  

80 -0.169180453 0.67736 51.57 Synergistic 

100 -0.237629077 0.57859 48.59 Synergistic 

120 -0.558210633 0.27656 41.43 Synergistic 

140 -0.521318093 0.30108 40.9 Synergistic 

160 -1.092534893 0.08081 30.38 Synergistic 

180 -1.120388093 0.07579 29.16 Synergistic 

200 -1.253599356 0.05577 26.5 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 



CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on MDA-MB-231 cells (72 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.306888885 0.04933 92.67 Synergistic 

0.002 -1.245881106 0.05677 91.53 Synergistic 

0.02 -0.64535383 0.22628 89.27 Synergistic 

0.1 -0.233364114 0.5843 87.33 Synergistic 

0.2 -0.318369881 0.48043 84.25 Synergistic 

1 -0.028603531 0.93626 80.34 Synergistic 

2 0.431289767 2.69954 81.94 Antagonistic  

5 0.577918991 3.78372 79.36 Antagonistic  

10 0.669018259 4.66679 77 Antagonistic  

20 0.689042339 4.887 73.55 Antagonistic  

30 0.573506323 3.74547 69.63 Antagonistic  

40 0.548584715 3.53659 67.49 Antagonistic  

50 0.383129285 2.41618 63.56 Antagonistic  

60 0.261755187 1.82707 60.42 Antagonistic  

70 0.011308181 1.02638 55.27 Antagonistic  

80 -0.217634888 0.60585 50.5 Synergistic 

100 -0.234980019 0.58213 48.59 Synergistic 

120 -0.589290235 0.25746 41.41 Synergistic 

140 -0.940853281 0.11459 34.78 Synergistic 

160 -1.179798541 0.0661 30.38 Synergistic 

180 -1.221342368 0.06007 29.07 Synergistic 

200 -1.364717362 0.04318 26.5 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 

 

CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on MDA-MB-468 cells (24 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.046675304 0.08981 93.60 Synergistic 

0.002 -1.034469056 0.09237 92.28 Synergistic 

0.02 -0.311740398 0.48782 90.78 Synergistic 

0.1 0.270089286 1.86247 90.07 Antagonistic  

0.2 0.046791616 1.11376 86.26 Antagonistic  

1 0.309677001 2.04022 82.20 Antagonistic  

2 0.657722089 4.54697 82.68 Antagonistic  

5 0.859759561 7.24035 80.61 Antagonistic  

10 1.015967175 10.3745 78.96 Antagonistic  

20 1.053205254 11.3033 75.69 Antagonistic  

30 0.929193545 8.49559 71.56 Antagonistic  

40 0.842603 6.9599 68.40 Antagonistic  

50 0.759339923 5.74566 65.56 Antagonistic  

60 0.690190762 4.89994 63.13 Antagonistic  

70 0.518333604 3.29863 59.07 Antagonistic  



80 0.1532049 1.423 51.57 Antagonistic  

100 -0.002176919 0.995 48.59 Synergistic 

120 -0.293435826 0.50882 40.43 Synergistic 

140 -0.199661032 0.63145 40.90 Synergistic 

160 -0.774148189 0.16821 30.38 Synergistic 

180 -0.802609159 0.15754 29.16 Synergistic 

200 -1.008021209 0.09817 25.50 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 

 

CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on MDA-MB-468 cells (48 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.054826954 0.08814 93.6 Synergistic 

0.002 -1.041914151 0.0908 92.28 Synergistic 

0.02 -0.318514541 0.48027 90.78 Synergistic 

0.1 0.263586364 1.83479 90.07 Antagonistic  

0.2 0.041444008 1.10013 86.26 Antagonistic  

1 0.305198695 2.01929 82.2 Antagonistic  

2 0.653154604 4.4994 82.68 Antagonistic  

5 0.855554891 7.17059 80.61 Antagonistic  

10 1.012014237 10.2805 78.96 Antagonistic  

20 1.049683089 11.212 75.69 Antagonistic  

30 0.926104137 8.43537 71.56 Antagonistic  

40 0.839777111 6.91476 68.4 Antagonistic  

50 0.756709879 5.71097 65.56 Antagonistic  

60 0.68770104 4.87193 63.13 Antagonistic  

70 0.516027409 3.28116 59.07 Antagonistic  

80 0.151087789 1.41608 51.57 Antagonistic  

100 -0.001304842 0.997 48.59 Synergistic 

120 -0.295626385 0.50626 40.43 Synergistic 

140 -0.201839853 0.62829 40.9 Synergistic 

160 -0.776841658 0.16717 30.38 Synergistic 

180 -0.805430161 0.15652 29.16 Synergistic 

200 -1.011218157 0.09745 25.5 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 

 

CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on MDA-MB-468 cells (72 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.051000546 0.08892 93.67 Synergistic 

0.002 -1.048662481 0.0894 92.33 Synergistic 

0.02 -0.331959046 0.46563 90.82 Synergistic 

0.1 0.251516552 1.7845 90.13 Antagonistic  

0.2 0.012449138 1.02908 86.25 Antagonistic  

1 0.276758126 1.89129 82.24 Antagonistic  



2 0.617284533 4.14271 82.64 Antagonistic  

5 0.82174928 6.6336 80.61 Antagonistic  

10 0.97684865 9.48088 78.96 Antagonistic  

20 1.008331848 10.1937 75.64 Antagonistic  

30 0.884814049 7.67033 71.54 Antagonistic  

40 0.797700234 6.27625 68.39 Antagonistic  

50 0.715353086 5.19222 65.58 Antagonistic  

60 0.644811666 4.41379 63.14 Antagonistic  

70 0.471269702 2.95985 59.07 Antagonistic  

80 0.106289512 0.67736 51.6 Synergistic 

100 -0.005243055 0.52736 48.59 Synergistic 

120 -0.344467804 0.45241 40.41 Synergistic 

140 -0.371406744 0.4252 38.78 Synergistic 

160 -0.824169396 0.14991 30.38 Synergistic 

180 -0.858550227 0.1385 29.07 Synergistic 

200 -1.057694247 0.08756 25.5 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 

  



CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on T47D cells (24 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.362710452 0.04338 93.68 Synergistic 

0.002 -1.377475138 0.04193 92.26 Synergistic 

0.02 -0.658921763 0.21932 90.75 Synergistic 

0.1 -0.065082606 0.86083 90.12 Synergistic 

0.2 -0.312185764 0.48732 86.17 Synergistic 

1 -0.050171041 0.8909 82.11 Synergistic 

2 0.293976542 1.96778 82.55 Antagonistic  

5 0.500656291 3.16706 80.53 Antagonistic  

10 0.653350501 4.50143 78.84 Antagonistic  

20 0.689543262 4.89264 75.55 Antagonistic  

30 0.570937362 3.72338 71.48 Antagonistic  

40 0.479627129 3.01736 68.23 Antagonistic  

50 0.409635606 2.56824 65.58 Antagonistic  

60 0.330943128 2.14261 62.97 Antagonistic  

70 0.168939214 1.4755 59.03 Antagonistic  

80 -0.200094546 0.63082 51.33 Synergistic 

100 -0.254082433 0.55708 48.55 Synergistic 

120 -0.619228157 0.24031 40.40 Synergistic 

140 -0.644088949 0.22694 38.75 Synergistic 

160 -1.079302866 0.08331 30.31 Synergistic 

180 -1.10419085 0.07867 29.09 Synergistic 

200 -1.300248968 0.05009 25.39 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 

 

CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on T47D cells (48 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.339798799 0.04573 93.6 Synergistic 

0.002 -1.331055266 0.04666 92.28 Synergistic 

0.02 -0.611561303 0.24459 90.78 Synergistic 

0.1 -0.031073644 0.93095 90.07 Synergistic 

0.2 -0.260056014 0.54947 86.26 Synergistic 

1 -0.001452971 0.99666 82.2 Synergistic 

2 0.347031274 2.22347 82.68 Antagonistic  

5 0.598108446 3.96377 81.16 Antagonistic  

10 0.614568208 4.11688 77.92 Antagonistic  

20 0.65443935 4.51273 74.6 Antagonistic  

30 0.54856261 3.53641 70.65 Antagonistic  

40 0.595957828 3.94419 69.5 Antagonistic  

50 0.372983766 2.36039 64.49 Antagonistic  

60 0.284405916 1.92489 61.71 Antagonistic  

70 0.025043571 1.05936 56.07 Antagonistic  



80 -0.169180453 0.67736 51.57 Synergistic 

100 -0.237629077 0.57859 48.59 Synergistic 

120 -0.558210633 0.27656 41.43 Synergistic 

140 -0.521318093 0.30108 40.9 Synergistic 

160 -1.092534893 0.08081 30.38 Synergistic 

180 -1.120388093 0.07579 29.16 Synergistic 

200 -1.253599356 0.05577 26.5 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 

  



CI values for Individual Data Point (Concentration Values) for the combination of NTX+PRO on T47D cells (72 hrs) 

 

Drug Concentration (uM) Log (CI) Values CI Values Fraction Affected (Fa) Effects  

0.001 -1.308918508 0.0491 92.67 Synergistic 

0.002 -1.248259126 0.05646 91.53 Synergistic 

0.02 -0.648474245 0.22466 89.27 Synergistic 

0.1 -0.23712646 0.57926 87.33 Synergistic 

0.2 -0.323096151 0.47523 84.25 Synergistic 

1 -0.034520778 0.92359 80.34 Synergistic 

2 0.425856887 2.66598 81.94 Antagonistic  

5 0.571706503 3.72998 79.36 Antagonistic  

10 1.23661031 17.2429 83 Antagonistic  

20 0.681083777 4.79826 73.55 Antagonistic  

30 0.564359465 3.66741 69.63 Antagonistic  

40 0.53878103 3.45765 67.49 Antagonistic  

50 0.372094171 2.35556 63.56 Antagonistic  

60 0.249704535 1.77707 60.42 Antagonistic  

70 -0.002486928 0.99429 55.27 Synergistic 

80 -0.233156047 0.58458 50.5 Synergistic 

100 -0.251222973 0.56076 48.59 Synergistic 

120 -0.608535588 0.2463 41.41 Synergistic 

140 -0.96333119 0.10881 34.78 Synergistic 

160 -1.204745817 0.06241 30.38 Synergistic 

180 -1.247106845 0.05661 29.07 Synergistic 

200 -1.392223396 0.04053 26.5 Synergistic 

 

Note: Drug concentration that have synergistic effects are highlighted in bold letters 

 

 

 


