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Abstract The chemokine receptor 7 is a G-protein coupled,
receptors coordinates the migration of cancer cells towards
CCL19 and CCL21 constitutively expressed lymphatic
organs. Chemokine receptor 7 facilitates cancer progression
by generating new lymphatic vessels that serve as conduits
for tumor dissemination to lymph nodes. In this context,
chemokine receptor 7 inhibitor recently caught an attention
for cancer cell growth inhibitor. The 3-D crystalline struc-
ture of chemokine receptor 7 not available in protein data
bank (PDB), first we predicted the 3-D structure of che-
mokine receptor 7 and then performed receptor-based
molecular docking of chemokine receptor 7 against nat-
ural and marine compounds. Semiquantitative polymerase
chain reaction (PCR) and quantitative real-time PCR were
performed for mRNA expression of chemokine receptor 7
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
used as internal control. The best-docked compounds have
been selected for chemokine receptor 7 inhibitors by opti-
mal energy value (Gscore), types of interactions, and con-
formations. CID6441009, 42607750, 72276, 6711419,
56835050, 65064, 23663412, 72277, 643668, 54679285
compound have a better binding energy −11.35, −10.51,
−10.16, −9.98, −9.95, −9.86, −9.83, −9.57, −9.47, and
−9.45 respectively against chemokine receptor 7.
Protein–ligand interactions profile highlighted that amino

acid Glu45, Lys50, Arg54, Lys57, Trp114, Met260,
Glu205, Gln227, Gln276, and Asp309 involved in the
hydrophobic, hydrogen bonding, and π-π stacking interac-
tions play a central role at the active site. Moreover, treat-
ment with the Epigallocatechin gallate led to down-
regulation of mRNA expression of chemokine receptor 7
in HepG2 and PC3 cells. This molecular docking study
recapitulates the docking free energy, protein—ligands
interactions profile, pharmacokinetic, and the pharmacody-
namic parameter of lead molecules, which are extremely
helpful to improve the activity of natural and marine com-
pounds against chemokine receptor 7.
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Introduction

Chemokines are small molecular weight secreted proteins,
which activates signaling pathway involved in tumor cell
dissemination, migration and metastasis formation after
binding to chemokines receptors, thus may influence cancer
development and progression. Chemokine receptor 7
(CCR7) are chemoattractant protein that expressed by var-
iegated cancer cells, such as non-small lung cancer, gastric
cancer, and esophageal cancer (Ding et al., 2003; Mashino
et al., 2002; Takanami, 2003). Moreover, numerous studies
have shown that CCR7 and its ligand (CCL19), stimulates
cell proliferation, migration, and invasion in prostate,
bladder and hepatocellular cancer (Chen et al., 2015; Cun-
ningham et al., 2010; Mo et al., 2015; Peng, Zhou, An and
Yang, 2015; Schimanski et al., 2006). The recent study
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showed that malignant cells use chemokine receptor/ligand
interactions that ameliorated to the metastatic process.
Consequently, it was found that the expression of CCR7 in
the various tumor that responded by various cytokines, led
to cancer metastasis (Chen et al., 2015). In contrast, co-
expression of the epidermal growth factor receptor (EGFR)
with CCR7 in breast cancer has been associated with a poor
prognosis.

A plethora of monoclonal antibodies has entered into
clinical trials that inhibit the chemokines activity, due to
their long half-life in blood, and high affinity specific
interactions with low toxicity. However, it is complicated
and expensive, to develop and produce monoclonal anti-
bodies, in addition to less convenient to route of adminis-
tration than small compounds. Moreover, various small
molecular inhibitor such as CXCR4 (burixafor MSX-122,
CTCE-9908, and BKT140) (Debnath et al., 2013; Peled
et al., 2013), CCL2–CCR2 (cenicriviroc, PF-4136309, and
MK-0812) (Sanford et al., 2013), and CCR5 (Maraviroc)
have discovered and entered in to cancer clinical trials
(Adams et al., 2015). But there is not any inhibitor of CCR7
is available, which is still under consideration.

The toxicity and severe side effects associated drug
resistance with the current drugs have provided the much-
needed impulsion for the establishment of new anticancer
agents. Over the past many years, synthetic analogs of
natural and marine compounds with improved potency,
have been prepared, thus, portraying natural and marine
compounds are model for cancer drug discovery (Biswas
et al., 2006; Martin et al., 2007, 2011). Natural phenolic
compounds modulate the protein expression of numerous
biological processes including the cell cycle, apoptosis, and
angiogenesis, make them promising agents in cancer
research (Gray et al., 2014; Hayashi et al., 2008; Tabuchi
et al., 2013). Therefore, in the present study, we have
investigated the natural and marine compounds as inhibitors
for CCR7 using in silico and in vitro approach.

Methodology

Selection and preparation of ligands

Grid-based Ligand Docking with Energetics (GLIDE) based
molecular docking protocol adapted from our previous
published literature (Singh and Bast, 2014a, b; Singh and
Bast, 2015a, b, c). The database of 186 marine and natural
compounds used as ligands in our molecular docking stu-
dies was derived from diverse medicinal plant extracts and
marine organisms. These selected marine and natural
compounds as a ligand molecules were well reported in the
literature (Bhanot et al., 2011; Cherigo et al., 2015; Cho and
Park, 2008; Cragg and Newman, 2005; da Rocha et al.,

2001; Hillman, 2012; Huang et al., 2012; Mayer and Gus-
tafson, 2004, 2006, 2008; Phosrithong and Ungwitayatorn,
2010; Roell and Baniahmad, 2011; Sarkar and Li, 2006;
Sawadogo et al., 2015; Sawadogo et al., 2013). These
ligand molecules were subjected to ligand preparation by
Ligprep wizard application of the Maestro 9.6, that per-
forms amendment on the ligands, such as the addition of
hydrogen, 2D to 3D conversion, corrected bond lengths and
bond angles, low energy structure, stereochemistry and ring
conformations. Ligprep wizard protocol generated ten
structures conformations for each compound. After pre-
paration of ligands, energy minimization, optimization, and
molecular dynamics was done by using optimized potential
for liquid simulations (OPLS 2005) force field (Jorgensen
et al., 1996; Jorgensen and Tirado-Rives, 1988; Shivakumar
et al., 2010), and finally, ten conformations for each ligand
was used for further study.

Homology modeling of CCR7 protein

For the design of rational targeted drugs, the 3-D crystalized
structural information about the target is much important.
When the 3D structure is not available in the protein data
bank, the comparative homology modeling is the most
precise method for prediction of protein structure by using
in silico approach. Thus, the protein structure of CCR7
predicted by using the IntFOLD (Version 2.0) (McGuffin
et al., 2008). For homology modeling, the protein sequence
of the amino acids in CCR7 protein of Homo sapiens
was obtained from GenBank database (GenBank:
EAW60669.1).

Preparation of protein molecules, receptor grid
formation, and GLIDE molecular docking

Protein was prepared using the Maestro 9.6 protein pre-
paration wizard by addition of hydrogen atoms, assigning
bond orders, creation of zero-order bonds to metal, creation
of disulphide bonds, fixing of the charges, and orientation of
groups. After preparing protein molecules, minimization and
optimization were done using an OPLS2005-force field of
Maestro 9.6. The active site of the protein molecules was
determined by using receptor grid generation option of
Maestro 9.6. We had generated the grid that covers the entire
active residue cavity. Receptor grid was scaled by van der
Waals radii of 1.0 Å with partial atomic charge less than
0.25 Å as the default setting of Maestro. Other parameters
such as sites, constraints, and excluded volume, the default
setting of the Maestro were used (Friesner et al., 2006;
Repasky et al., 2007). The best fit compounds have been
preferred for the target on the basis of optimal energy value
(Gscore), type of interactions, potential for bonding, and
conformations (Friesner et al., 2004; Halgren et al., 2004).
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The Gscore was calculated in kcal/mol, and it was an accu-
mulative energy of a number of parameters such as hydrogen
bond, hydrophobic, van der waals, polar interactions in the
binding site, metal binding term and penalty for buried polar
groups and freezing rotatable bonds.

ADME/T (absorption distribution metabolism excretion
and toxicity) studies

In silico prediction of ADME/T are the cooperative strategy
that could abolish indecorous compounds, before invest-
ment of valuable time and money in the primary testing of
compounds. Computer based theoretical approaches were
described to be the best option for prediction of ADME of
new compounds. The poor compound solubility, gastric
emptying time, chemical instability in the stomach, and
inability to permeate the intestinal wall can all diminish the
extent to which a drug is absorbed after oral administration.
Thus, ADME properties of best-docked compounds were
predicted using QikProp application of Maestro. It predicts
properties such as logBB, overall CNS activity, Caco-2, and
MDCK cell permeability and logKhsa for human serum
albumin binding, etc. which were essential for drug like
pharmacokinetic profile (Jorgensen and Duffy, 2002; Lu
et al., 2004).

Cell culture conditions and Epigallocatechin gallate
(EGCG) treatment

Hepatocellular carcinoma (HepG2) and prostate cancer
(PC3) were obtained from the NCCS, Pune (India). HepG2
cells were grown in phenol-red DMEM supplemented with
10 % heat-inactivated Fetal bovine serum (FBS), 1 %
penicillin (100 units/ml), and streptomycin (100 mg/ml).
PC3 cells were grown in Ham’s F-12K medium supple-
mented with 10 % FBS, 1 % penicillin (100 units/ml), and
streptomycin (100 mg/ml). All cells were maintained at
37 °C in a humidified atmosphere with 5 % CO2 and were
exposed to 80 µM EGCG for 48 hrs. Cells incubated with
culture medium with an equivalent amount of vehicle
DMSO (final DMSO concentration was <0.2 %) served as
controls.

Total RNA isolation, cDNA synthesis, and quantitative
RT-polymerase chain reaction (PCR)

One million cells/well were plated into the six well plates,
culture media supplemented with 10 % FBS and 1 %
penicillin streptomycin and incubated at 37 °C. Cells were
exposed to 80 µM EGCG for 48 h, and total RNA was
extracted using Trizol (Life Technologies, Gaithersburg,
MD) according to manufacturer’s instructions and previous
reports from our lab (Singh and Bast, 2015a, b, c). RNA

quantified at 260/280 nm with thermo scientific nanodrop
2000 spectrophotometer. The absorption ratio A260 nm/
A280 nm between 1.90 and 2 was taken into consideration
for cDNA preparation. Approximately, one microgram of
total RNA was reverse-transcribed into cDNA using a high
capacity PrimeScript 1st strand cDNA Synthesis Kit
(Takara Bio Inc). Primers sequence of CCR7 were adapted
from previously published article sense, 5′‑CTCCAGG-
CACGCAACTTTGA‑3′ and antisense, 5′‑CACAGGTGC-
TACTGGTGATGTTGA‑3′. Semiquantitative PCR and
quantitative real-time PCR were performed using Veriti®
96-well fast thermal cycle and StepOnePlus™ Real-Time
PCR System (SYBR green chemistry) respectively
(Applied Biosystems) using glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) as an internal control. An
expected amplified sequence of CCR7 was 145 bp fragment
and real time data was analyzed by using 2-ddCt method.

Result and discussion

Homology modeling of CCR7 protein by using IntFOLD
server

The IntFOLD server is a self-regulating server that inte-
grates several cutting-edge methods for the prediction of
protein structure and function from amino acid sequence.
The protein sequence of CCR7 (Homo sapiens) was
retrieved from the PubMed database (GenBank:
EAW60669.1) for protein model generation. Protein struc-
ture of CCR7 predicted by using the IntFOLD integrated
protein structure and function prediction server (Version
2.0 Roche et al., 2011). The results Table is ranked
according to the decreasing global model quality score. The
predicted protein structures have global model quality
scores range between 0 and 1. In general scores less than 0.2
indicate there may be incorrectly modeled domains and
scores greater than 0.4 indicate more complete and con-
fident models, which are highly similar to the native
structure. Template selection is an imperative preliminary
point in homology modeling because it determines the
primary folding of the target structures and influences their
quality. P00268 (Rubr clopa) Rubredoxin and P51681
(CCR5 human) was selected as a template for the prediction
of CCR7 model. These models have a confidence and
p-value CERT 5.493E-4 along with global model quality
score is 0.7122. The quality of homology modeling of
CCR7 protein determined using various parameters (Fig. 1).
Model quality assessment is carried out using Mod-
FOLDclust2 and predicted the per-residue error in ang-
stroms as shown in Fig. 2(a). Disorder prediction plot
detected from DISOclust 2.0. Figure 2(b) displays a plot of
the probability of disorder (on the y-axis) for each
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numbered amino acid in the sequence (on the x-axis)
(McGuffin, 2008). Figure 2(c) Provide the result of the
calculated volumes of atoms in macromolecules using an
algorithm which treats the atoms like hard spheres and
calculates a statistical Z-score deviation for the model from
highly resolved (2.0 Å or better) and refined (R-factor of 0.2
or better) carried out using structural analysis and verifica-
tion server (SAVS). Figure 2(d) represents overall quality
factor and Ramachandran plot determined by SAVS.
Moreover, the model was evaluated by Ramachandran plot
provided by procheck and errat plot in SAVS. Predicted
structures have the Z-score mean, SD, and RMS of −0.197,
1.59, and 1.6 respectively. Furthermore, the overall quality
factor of protein structure is 85.62 determined by SAVS.

Molecular docking of model of CCR7 with natural and
marine compounds

A natural and marine compound comprises a significant
group of structurally diverse low molecular mass molecules.
Molecular docking of natural and marine derivatives to the
active site of human CCR7 was carried out using GLIDE-
XP available with Maestro 9.6. The best-docked com-
pounds have been selected for CCR7 by optimal energy
value (Gscore), type of interactions, and conformations.
CID6441009, 42607750, 72276, 6711419, 56835050,
65064, 23663412, 72277, 643668, 54679285 compounds
have a better binding energy of −11.35, −10.51, −10.16,
−9.98, −9.95, −9.86, −9.83, −9.57, −9.47, and −9.45

respectively when selected compounds docked with CCR7.
Figure 2 depicts the binding conformations of natural and
marine derivatives in the binding pockets of CCR7. Protein
—ligand interactions profile highlighted that amino acids
Glu45, Lys50, Arg54, Lys57, Trp114, Met260, Glu205,
Gln227, Gln276, and Asp309 are involved in the hydro-
phobic hydrogen bonding and π–π stacking interactions and
play a mid role at the active site. (Table 1) Ligand pre-
paration of CID6441009 yielded three isoforms as pre-
sented in Table 2. Two isoforms of these compounds have
better G score out of twenty best hits. Protein–ligand
interactions profile of the CCR7 complex with EGCG
highlighted that, the active site of CCR7 comprises of
lipophilic, electrostatic, and hydrogen bond interactions.
Furthermore, protein–ligand interactions of CCR7 with
EGCG depict that amino acids Leu61, Ala118, Trp122,
Phe131, Ala207, Met208, and Tyr308 are appeared in the
hydrophobic interactions. Moreover, amino acids Tyr65,
Glu205, and Asp309, are occupied in side-chain hydrogen
bond formation whereas, amino acids Ser117 and Lys120 in
backbone hydrogen bonding of interactions (Table 2).
Moreover, Trp114 involved in π–π stacking interactions and
Lys57 and Arg209 involved in π–cation interaction.

ADME/T properties of leads molecules

An ADME/T property of drug like molecules is a vital
aspect to be considered throughout the drug discovery
process. Many drugs are incapable to pass clinical trials

Fig. 1 Workflow of study
design
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because of their poorer ADME/T profile. Thus, ADME/T
properties of lead molecules were evaluated by using
the Qikprop application of Maestro 9.6. Compound
CID6441009 have good QPlogHerg (−5.132), QPlogBB
(−3.965), and QPlog Khsa (−0.44) drug like satisfactory
value. Moreover, CID42607750 have a drug like satisfac-
tory value QPlogP, QPlog Herg, QPlogBB, and QPlog
Khsa, −0.596, −5.738, −3.387, −0.888 respectively but do

not have good percent human oral absorption. Furthermore,
CID65064 have good QPlogP, QPlogerg, QPogBB, and
QPlog Khsa, −0.512, −5.3, −4.3, and −0.48 value respec-
tively which satisfy the Lipinski’s rule of five. ADME
properties of lead molecules, such as QPlogPo/w, Qplo-
gHerg, QPPCaco, QplogBB, QPPMDCK, QplogKp, Qplog
Khsa, and percentage of human oral absorption values are
underlined in Tables 3 and 4.

Fig. 2 a Model quality assessment is carried out using Mod-
FOLDclust2 and predicted the per-residue error in shown in ang-
stroms. b Disorder prediction plot from DISOclust 2.0. The image
displays a plot of the probability of disorder (on the y-axis) for each
numbered amino acid in the sequence (on the x-axis). c Prove results
calculates the volumes of atoms in macromolecules using an algorithm

which treats the atoms like hard spheres and calculates a statistical
Z-score deviation for the model from highly resolved (2.0 Å or better)
and refined (R-factor of 0.2 or better) carried out using structural
analysis and verification server (NIH MBI Laboratory Servers).
d Overall quality factor and Ramachandran plot determined by
structural analysis and the verification server
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Table 1 List of PubChem molecules screened in this study with structural and physicochemical parameters

S. no. Comp. (CID) Mol. wt.
(130–725)

Dipole SASA Volume
(500–2000)

H-
bond
donor
(0–6)

H-
bond
accp.
(2–20)

QPlogS
mol/L
(−6.5 to
0.5)

CIQPlogS

1 932 272.257 3.889 501.945 840.858 2 4 −3.47 −3.927

2 2543 310.435 1.711 643.151 1122.807 1 1.5 −6.637 −5.657

3 3220 270.241 3.19 479.225 808.031 1 4.25 −3.07 −3.86

4 3712 147.176 2.894 353.487 549.524 2 1.7 −1.606 −1.938

5 4477 327.123 9.701 532.51 895.198 1 3.25 −4.718 −5.269

6 5350 177.279 6.64 428.272 661.845 0 6.5 0.832 0.177

7 9064 290.272 4.628 511.029 872.256 5 5.45 −2.609 −3.474

8 10494 456.707 3.894 694.597 1401.839 2 3.7 −7.067 −6.947

9 16078 314.467 0.973 650.505 1147.852 1 1.5 −6.774 −5.482

10 64945 456.707 3.856 686.213 1387.747 2 3.7 −6.917 −6.947

11 65064 458.378 6.825 696.583 1255.718 8 8.75 −3.547 −5.549

12 68077 372.374 6.233 597.681 1097.414 0 6.25 −3.457 −5.041

13 72276 290.272 2.942 509.472 872.747 5 5.45 −2.587 −3.474

14 72277 306.271 4.452 519.886 892.591 6 6.2 −2.356 −3.446

15 72281 302.283 4.457 541.774 919.955 2 4.75 −3.782 −4.252

16 72326 442.724 1.87 691.613 1393.324 2 3.4 −6.784 −6.65

17 73641 488.706 4.498 699.894 1431.328 4 7.1 −5.37 −6.07

18 73659 472.707 3.881 696.739 1414.592 3 5.4 −6.242 −6.497

19 91469 242.274 2.982 474.852 798.666 2 2.25 −3.579 −3.849

20 94162 300.44 2.934 567.737 1026.407 1 2.75 −5.293 −4.582

21 100308 338.983 2.515 438.812 729.772 2 4.7 −3.547 −5.391

22 107985 360.406 6.257 505.807 991.881 0 9.7 −0.398 −2.045

23 114778 314.424 1.369 496.893 946.696 2 2.95 −3.636 −4.657

24 122724 450.617 7.772 661.025 1317.989 2 4.75 −6.144 −6.869

25 122826 228.25 6.292 431.249 726.321 1 3 −2.787 −3.424

26 124198 332.439 5.815 601.825 1090.725 1 4.5 −5.123 −4.622

27 160254 296.365 6.035 538.125 958.923 0 4.75 −3.928 −3.794

28 189219 283.289 3.001 501.388 858.078 0 5 −3.101 −4.029

29 245005 645.745 2.05 842.565 1768.022 3 16.95 −2.414 −4.706

30 252682 365.357 8.397 530.056 988.252 2 8.25 −2.201 −4.096

31 259846 426.724 1.655 689.205 1378.31 1 1.7 −7.907 −7.136

32 261265 430.626 3.368 720.693 1380.372 2 6.15 −6.081 −5.611

33 362388 190.632 7.884 381.826 602.906 6 4.7 0.351 −0.438

34 403773 286.456 1.625 563.039 1019.646 1 0.75 −5.9 −4.987

35 440917 136.236 0.314 386.657 621.544 0 0 −4.003 −4.286

36 441794 496.553 9.011 672.945 1352.685 5 12.35 −3.295 −4.456

37 442793 294.39 3.582 633.69 1087.774 1 4.2 −4.334 −3.88

38 445154 228.247 2.312 482.188 786.572 3 2.25 −2.803 −3.396

39 446925 536.882 0.565 1267.699 2240.512 0 0 −21.136 −21.136

40 457964 338.486 3.44 542.874 1038.465 4 5.85 −3.013 −3.494

41 2779853 211.192 8.252 382.513 609.005 0 5 −0.764 −1.713

42 5270604 426.724 2.18 686.118 1374.435 1 1.7 −8.012 −7.196

43 5280343 302.24 3.491 531.869 883.724 4 5.25 −3.1 −4.043

44 5280373 284.268 4.292 505.596 860.144 1 3.75 −3.523 −4.447

45 5280443 270.241 4.57 492.818 822.477 2 3.75 −3.377 −4.101

46 5280445 286.24 4.704 503.657 843.558 3 4.5 −3.096 −4.073

47 5280789 538.898 0.65 1272.251 2258.212 0 0 −21.32 −21.32

48 5280863 286.24 3.653 501.189 840.186 3 4.5 −3.057 −4.073
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Table 1 continued

S. no. Comp. (CID) Mol. wt.
(130–725)

Dipole SASA Volume
(500–2000)

H-
bond
donor
(0–6)

H-
bond
accp.
(2–20)

QPlogS
mol/L
(−6.5 to
0.5)

CIQPlogS

49 5280896 264.321 3.192 490.169 879.908 2 4.75 −2.772 −2.86

50 5280899 568.881 1.316 1152.469 2125.207 2 3.4 −12.471 −9.573

51 5280961 270.241 4.527 480.83 807.798 2 3.75 −3.014 −4.101

52 5281605 270.241 7.17 489.234 818.653 2 3.75 −3.317 −4.101

53 5281607 254.242 5.656 480.381 799.677 1 3 −3.647 −4.123

54 5281612 300.267 5.118 532.639 901.458 2 4.5 −3.694 −4.429

55 5281614 286.24 6.519 502.899 841.842 4 5.5 −2.796 −3.678

56 5281616 270.241 4.525 488.742 817.396 2 3.75 −3.308 −4.101

57 5281670 302.24 7.116 508.845 858.834 4 5.25 −2.753 −4.043

58 5281672 318.239 4.894 522.847 882.348 5 6 −2.564 −4.011

59 5281707 268.225 4.88 465.198 774.132 2 4.5 −2.915 −3.871

60 5281708 254.242 3.979 470.971 787.865 2 4 −2.957 −3.71

61 5283218 446.539 4.506 782.92 1494.682 0 8 −4.586 −5.08

62 5337997 275.22 7.217 529.502 858.379 2 4.75 −3.252 −3.561

63 5469060 641.545 12.162 807.472 1614.492 1.5 9.25 −3.563 −6.968

64 6400741 664.383 7.247 919.468 1638.505 4 10.9 −6.567 −8.827

65 6436722 542.93 0.634 1265.946 2281.963 0 0 −21.567 −21.567

66 6441009 785.023 9.793 945.341 2125.518 9 21.15 −3.059 −6.052

67 6857485 276.504 0.073 560.026 1033.576 0 0 −9.421 −9.421

68 9548699 274.489 0.17 512.617 963.037 0 0 −8.689 −8.689

69 9548711 278.52 0.112 588.882 1081.565 0 0 −9.074 −9.074

70 9589366 956.233 5.514 914.662 1889.151 5 12.6 −5.405 −14.667

71 9812534 1110.352 10.825 1391.54 3123.119 1.25 27.2 −1.883 −7.047

72 9817550 293.287 8.819 504.622 857.566 5 6.5 −2.922 −3.611

73 9892144 499.476 2.785 732.249 1372.61 3 7 −5.902 −8.029

74 10041259 313.315 9.802 534.201 930.847 0 7 −2.675 −3.739

75 10373128 793.953 12.399 1326.976 2497.984 8.25 19.95 −7.114 −6.357

76 11210478 356.221 2.816 603.722 1024.595 1 5 −5.837 −6.176

77 11273547 616.879 5.839 1144.065 2155.891 2 7.15 −10.652 −8.734

78 11721258 587.633 4.886 820.741 1675.24 2 6.4 −7.674 −8.707

79 11724205 330.466 4.392 586.228 1087.014 1 3.5 −5.2 −4.907

80 11808929 306.317 2.629 538.764 940.256 0 5.75 −3.253 −3.796

81 16737543 438.611 2.063 739.628 1384.199 0 4.25 −6.626 −6.329

82 44558968 436.676 4.461 1092.923 1847.468 3 3.4 −10.412 −6.482

83 54679285 412.525 6.541 794.608 1424.61 1 4.75 −7.03 −6.541

84 985 256.428 2.296 678.27 1131.975 1 2 −5.637 −3.576

85 3365 306.274 7.604 470.201 850.243 1 6.75 −1.844 −3.74

86 6253 243.219 3.507 431.03 723.357 5 10.8 −1.509 −1.035

87 6300 300.44 5.819 537.065 990.95 1 2.75 −4.775 −4.438

88 7020 196.205 2.978 403.949 655.353 0 2.5 −2.904 −2.919

89 11379 144.176 2.799 345.174 534.532 2 1.5 −1.632 −1.987

90 25051 225.204 8.3 409.131 674.99 3 8.1 −1.301 −1.469

91 28620 943.09 11.883 1261.404 2567.723 9 30.95 −4.728 −5.602

92 44259 466.538 7.904 673.38 1290.069 2 6.45 −4.606 −6.358

93 71734 565.792 7.601 1179.183 2084.975 4 12.8 −8.354 −5.838

94 72495 627.965 2.63 1076.035 2047.626 6 9.7 −5.243 −4.375

95 73431 638.581 3.573 887.324 1706.716 2 11.9 −6.429 −8.509

96 100308 338.983 2.515 438.812 729.772 2 4.7 −3.547 −5.391
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Table 1 continued

S. no. Comp. (CID) Mol. wt.
(130–725)

Dipole SASA Volume
(500–2000)

H-
bond
donor
(0–6)

H-
bond
accp.
(2–20)

QPlogS
mol/L
(−6.5 to
0.5)

CIQPlogS

97 107713 579.692 2.14 850.705 1724.808 1 11.65 −4.851 −5.536

98 108150 761.842 6.012 858.09 1863.922 4 16.2 −1.528 −6.009

99 122838 318.328 6.129 523.594 933.037 0 6.5 −2.736 −3.758

100 178028 640.865 3.489 966.393 1989.658 1.25 15.25 −1.48 −2.019

101 222284 414.713 2.033 770.779 1471.748 1 1.7 −8.613 −7.033

102 223997 300.397 6.607 518.421 957.915 0 6 −2.9 −2.911

103 339816 346.422 1.461 552.972 1039.164 0 8 −2.019 −3.085

104 340129 320.471 5.07 595.683 1093.989 1 4 −4.867 −4.269

105 354399 985.228 16.265 1131.921 2668.233 0.75 22 1.14 −5.345

106 439260 169.18 3.3 366.985 585.996 5 4.2 0.674 −0.361

107 443237 410.682 2.251 740.721 1426.622 1 1.7 −8.215 −7.078

108 636710 732.999 8.435 1025.654 2231.813 1.25 16.85 −1.898 −4.627

109 636718 665.6 5.919 902.589 1778.609 1 11.75 −5.988 −8.585

110 636888 280.32 3.265 556.727 943.897 3 7.55 −2.818 −2.451

111 636989 599.744 5.934 798.916 1697.192 1 13.5 −1.112 −4.631

112 637018 332.439 4.494 551.293 1027.106 1 6.15 −3.995 −3.355

113 637424 428.611 4.692 662.748 1313.182 1 4.2 −6.483 −6.304

114 637473 220.354 1.581 473.118 831.967 1 1.7 −3.925 −3.028

115 639674 448.685 4.903 754.483 1489.776 2 7.4 −5.758 −5.202

116 643668 593.799 10.409 1029.433 1990.276 6 12.3 −6.545 −6.087

117 643725 439.55 5.08 780.38 1449.593 3 6.95 −6.238 −5.209

118 2826713 858.333 12.136 1796.842 3274.889 7 16.1 −12.437 −9.003

119 5280794 412.698 2.064 755.687 1452.374 1 1.7 −8.494 −6.991

120 5280953 212.251 2.978 444.923 731.607 1 1.75 −3.561 −3.544

121 5281328 412.698 1.981 766.84 1463.14 1 1.7 −8.702 −6.991

122 5311436 374.433 1.228 714.132 1313.906 0 7 −4.62 −3.778

123 5324375 318.215 1.808 543.377 918.67 1 3 −3.723 −4.196

124 5324595 276.254 9.365 430.491 749.464 3 4.5 −2.624 −4.065

125 5352092 526.718 4.148 854.936 1699.82 2.25 8.25 −5.468 −4.755

126 5372499 154.165 3.082 374.339 579.955 2 5.4 −1.231 −0.816

127 5386394 325.121 10.371 458.544 769.253 4 7 −2.884 −3.433

128 5471086 456.664 4.27 929.958 1691.779 0 5.7 −8.576 −6.357

129 5472714 332.439 5.398 567.043 1081.218 0 7 −3.135 −2.473

130 5481589 545.545 4.173 785.115 1498.814 2 7.75 −6.49 −8.633

131 5488895 1111.328 3.621 1334.033 2927.693 3 25.2 −7.438 −12.031

132 6326668 840.129 4.08 1091.124 2420.913 1.25 16.7 −4.951 −8.104

133 6439795 321.421 4.763 627.168 1104.585 2 2.25 −6.139 −5.566

134 6440837 358.477 1.784 678.982 1226.842 1 5.5 −5.473 −4.765

135 6445533 379.458 8.703 698.597 1244.504 4 7.9 −2.8 −3.515

136 6473739 905.044 4.204 1274.3 2634.198 3 17.1 −8.297 −10.783

137 6711419 517.615 10.024 769.373 1539.209 3 15.9 −2.057 −2.983

138 6918335 656.772 11.346 994.922 1962.576 2 14.3 −6.859 −7.208

139 6918506 548.67 3.903 811.94 1643.514 5 15.4 −3.818 −3.544

140 6918637 473.654 2.227 783.545 1554.738 2.25 8.25 −4.296 −3.512

141 9794358 213.233 6.602 409.763 695.068 0.25 6.45 0.569 −0.274

142 9796387 301.255 3.9 523.873 893.285 2 8.95 −1.2 −1.605

143 9810929 785.096 10.15 1198.449 2463.328 1.25 17.15 −4.432 −5.221

144 9812534 1110.352 8.767 1220.975 2957.143 1.25 27.2 0.764 −7.047
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Table 1 continued

S. no. Comp. (CID) Mol. wt.
(130–725)

Dipole SASA Volume
(500–2000)

H-
bond
donor
(0–6)

H-
bond
accp.
(2–20)

QPlogS
mol/L
(−6.5 to
0.5)

CIQPlogS

145 9814817 299.496 2.689 719.615 1232.063 3 4.4 −3.742 −2.391

146 9831636 709.679 8.108 882.897 1871.011 2.25 9 −4.605 −8.949

147 9892144 499.476 2.785 732.249 1372.61 3 7 −5.902 −8.029

148 9918978 837.067 8.937 1162.861 2480.358 0.25 18.5 −3.775 −5.553

149 9925886 285.512 2.007 741.492 1269.347 3 2.7 −4.293 −2.619

150 9929833 381.474 4.655 704.462 1256.672 2 6.25 −4.197 −3.905

151 9949641 336.393 6.047 631.518 1101.58 3 6.5 −4.544 −4.424

152 10017010 288.472 2.402 509.009 1001.779 1 1.7 −4.742 −4.061

153 10045316 380.302 6.744 589.258 1031.771 2 4.25 −3.734 −4.885

154 10053416 555.774 1.76 948.59 1837.36 1 7.5 −4.967 −5.726

155 10258174 610.654 12.17 777.977 1640.645 2 16.4 −3.247 −4.652

156 11069750 416.513 9.158 695.464 1327.634 0 7 −5.243 −4.453

157 11181528 687.829 4.331 1142.563 2175.674 2 15.35 −5.622 −5.622

158 11300750 290.315 4.826 512.903 913.408 0 6.7 −2.266 −2.401

159 11346628 283.754 8.784 511.648 889.057 1 6.7 −3.306 −2.63

160 11347535 313.78 8.147 527.749 940.785 0.25 6.45 −1.666 −2.391

161 11349752 388.503 3.1 708.7 1337.862 0 6 −4.389 −4.775

162 11354606 729.906 3.075 910.421 1954.404 3 18.1 −2.08 −5.994

163 11751733 469.129 5.154 673.043 1147.402 3 4.75 −5.836 −7.364

164 11783867 381.898 2.705 575.927 1091.042 1 5.75 −4.998 −4.916

165 11784261 396.612 5.395 734 1368.097 1 3.7 −7.477 −5.914

166 11972518 1111.328 3.712 1356.53 2967.073 3 25.2 −7.81 −12.031

167 14161394 428.697 0.95 768.698 1477.08 2 2.45 −7.846 −6.874

168 16075395 512.383 6.055 737.89 1328.728 9 8.75 −3.444 −6.856

169 21589702 534.732 6.649 854.311 1686.233 3 9.1 −6.653 −6.36

170 21773232 562.742 5.819 825.971 1757.31 2 9.85 −3.525 −6.521

171 24867082 654.756 9.534 1058.13 2044.742 1 13 −6.381 −7.27

172 42607750 462.409 10.521 708.183 1281.697 6 14 −2.784 −3.918

173 44299148 466.538 7.904 673.38 1290.069 2 6.45 −4.606 −6.358

174 44448144 1163.553 6.332 1364.436 3066.15 6 16.35 −8.508 −11.831

175 44584763 612.67 8.763 760.878 1632.03 3 14.2 −3.762 −5.682

176 44584773 312.448 2.107 617.883 1129.599 1 4.45 −4.286 −4.018

177 50901240 840.068 7.039 1078.044 2401.63 1.5 18.2 −2.572 −5.969

178 53355697 377.442 6.307 675.498 1212.8 1 7 −4.23 −4.279

179 56835050 743.046 3.547 1055.551 2182.748 4 14.8 −6.33 −8.14

180 56841540 1367.422 19.957 1366.866 3249.463 8 41.4 0.879 −9.058

181 56928089 1110.352 7.724 1122.642 2847.601 1.25 27.2 2 −7.047

182 60155155 896.094 10.112 1175.474 2553.449 2.75 18.75 −3.543 −6.325

183 70683403 386.53 3.955 788.875 1406.458 1 3.5 −7.585 −6.139

184 70690672 1013.655 11.911 1246.12 2750.981 6 21.35 −5.849 −11.089

185 70694527 312.327 1.991 547.606 949.629 5 5.75 −2.717 −2.855

186 78357789 717.988 9.77 1119.233 2303.026 3.25 16.85 −3.171 −3.662

Compounds; PubChem molecules screened in this study

Molecular weight (<500 Da)

Volume; Estimated number of hydrogen bonds that would be accepted by the solute from water molecules in an aqueous solution. Values are
averages taken over a number of configurations, so they can be non-integer

Hydrogen bond donors (<5)

Hydrogen bond acceptors (<10)

QPlog S; was Predicted aqueous solubility; S in mol/L (acceptable range: −6.5–0.5)
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Effect of EGCG on CCR7 mRNA expression in cancer
cell lines

We investigated whether EGCG could impede CCR7
expression in HepG2 and PC3 cells. After 48 h of treatment
with EGCG, the mRNA expression was determined in cells
by using semiquantitative and quantitative real-time PCR
using GAPDH as a control (Fig. 3). As shown in Fig. 4(a),
Q-PCR showed that EGCG down-regulated the expression
of CCR7 mRNA in HepG2 (30 %) and in PC3 (10 %).
Moreover, Fig. 4(b) RT-PCR demonstrates that EGCG have
a potential for robust inhibition of CCR7 mRNA. Previous
reports from our lab show that EGCG reduce cell pro-
liferation and ROS generation after 48 h treatment in
HepG2, and PC3 human cell lines. Interestingly, our result
also indicates that reduction in potential for colony forma-
tion and cell migration enhances the anti-metastasis activity
of EGCG (Singh and Bast, 2015a, c).

EGCG diminishes chemokine production by inhibiting
the production of IL-8 and MIP-3α in TNFα stimulated
colon epithelial (T84) cells that leads to the down-regulation
of genes involved in inflammatory pathways (Porath et al.,
2005). Moreover, EGCG has been shown to inhibit
inflammatory signaling pathways via regulating pro-
inflammatory mediators’ such as the reduction of nuclear
factor-κβ and activator protein-1 (Abboud et al., 2008). In
recent years, natural polyphenols, marine compounds, and
their synthetic analogs have been investigated intensely in
the treatment of ovarian, breast, cervical, pancreatic, and
prostate cancers. Many promising new agents are in clinical
development based on discriminatory activity against
anticancer molecular targets. Natural compounds such as
quercetin, genistein or flavopiridol (a synthetic analog of a
natural alkaloid Rohitukin) have entered the late phase
clinical trials accredited to their oncological indications with
the conspicuous absence of recognizable side effects. At the

Table 2 Lowest binding energy
for the ligand (Control)-CCR7
interaction as detected by
GLIDE molecular docking

S.N. Ligand (CID) GScore Lip H-Bond Electro Protein–ligands interactions

1 3009355 −7.86 −2.76 −1.2 −0.7 Glu45, Lys50, Arg54, and Gln286

2 3001322 −7.74 −3.17 −2.22 −1.32 Lys137 and Gln276

3 3002977 −7.38 −3.42 −0.47 −0.93 Lys137, Arg209, Tyr79, and Tyr312

Table 3 Lowest binding energy
for the ligand-CCR7 protein
interaction as detected by
GLIDE molecular docking

S.N. Ligands (CID) GScore Lip H-bond Electro Protein–ligands interactions

1 6441009 −11.35 −3.31 −4.25 −1.3 Glu45, Lys50, Arg54, Glu193, and Gln286

2 42607750 −10.51 −4.4 −3.4 −0.71 Lys137, Arg209, and Gln276

3 72276 −10.16 −2.9 −2.01 −1.14 Lys137, Arg209, Tyr79, and Tyr312

4 6711419 −9.98 −2.56 −4.25 −1.46 Lys57, Tyr65, Sre117, Met260, and Tyr312

5 56835050 −9.95 −4.8 −2.93 −1.2 Leu47, Lys137, Gln227, and Tyr308

6 65064 −9.86 −3.04 −4.62 −1.73 Lys57, Trp114, Met260, Glu205 and Asp309

7 23663412 −9.83 −3.55 −2.94 −1.86 Lys57, Lys137, and Arg209

8 72277 −9.57 −2.99 −3.18 −0.68 Lys137 and Gln227

9 643668 −9.47 −4.69 −2.09 −0.97 Glu45, Lys137, and Asn305

10 54679285 −9.45 −4.95 −1.23 −0.29 Phe140, Cys210, and Lys137, Gln227

11 42607750-2 −9.38 −3.43 −2.95 −0.68 Glu45, Tyr136, Phe140, and Tyr312

12 73431 −9.3 −3.74 −3.54 −0.81 Glu45, Lys137, and Arg209

13 54679285-2 −9.28 −4.96 −1.09 −0.15 Phe140, Leu212, and Gln276

14 6441009-2 −9.18 −3.36 −3.54 −0.58 Arg209 and Asp309

15 54679285-3 −8.96 −4.42 −1.27 −0.27 Cys210 and Gln276

16 54679285-4 −8.93 −4.13 −1.35 −0.67 Lys137, Phe140, Gln276 and Asp309

17 6436722 −8.85 −6.96 0 −0.01

18 54679285-5 −8.81 −4.5 −0.94 −0.19 Phe140, Leu212, and Gln276

19 54679285-6 −8.71 −3.54 −1.79 −0.61 Lys50, Lys137, Phe140, and Gln276

20 6711419-2 −8.67 −4.1 −2.49 −0.5 Tyr136, Lys137, Gln227, and Gln276

Ligand CID Pubchem IDs, GScore Glide extra precision scores (kcal/mol), Lipophilic E Vdw chemscore
lipophilic pair term and fraction of the total protein–ligand vdw energy, H-bond Hydrogen bonding term,
Electro, electrostatic rewards, Protein–ligands interaction π–π stacking, π–cat interaction and hydrogen
bond between the ligands and protein
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molecular level, natural polyphenols and marine com-
pounds have been reported to modulate diverse protein
kinases including receptor tyrosine kinases (RTKs) and
modulating enzymes activity such as xanthine cycloox-
ygenase and lipoxygenase which play a significant role in
cancer pathology (Liu et al., 2012). Due to the complication
of the chemokine system in regulating various biological
processes, progress of therapeutic agents targeting this
system remains quite challenging. Recently forty com-
pounds have been reported to antagonize binding that leads
to inhibition of chemokine signaling (Yuan, 2014). Bioac-
tive natural and marine compounds have been found to be
indispensable for the growth and development of plants,
additionally providing the natural environment that proves
to be essential for plant survival under stress condition. The
various natural polyphenols and marine compounds have
attracted more attention owing to their remarkable spectrum

of pharmacological activities such as antioxidant, anti-
angiogenic, antiinflammatory, and anticancer activity. Due
to their multiple molecular mechanisms of action, the nat-
ural polyphenols, and marine compounds are being inves-
tigated for their potential applications in anticancer
therapies. Natural and marine compounds modulate a vari-
ety of biological activities associated with cancer progres-
sion and development including the cell proliferation,
apoptosis, cell differentiation and neovascularization
(Koehn and Carter, 2005). In vitro and in vivo studies have
established an irrefutable association between natural and
marine compounds induced modulation of protein kinase
and matrix metalloproteinases (MMPs) activities with
apoptosis, cellular proliferation, tumor cell invasive and
inhibition of angiogenesis (Senthilkumar K et al., 2013).
Natural and marine compound derivatives have been the
most productive source of chemotherapeutic agents but

Table 4 ADME/T properties of lead compounds were appraised by using the Qikprop application of Maestro 9.6

S.N. Ligand (CID) QP log
Po/w

(−2.0 to 6.5)

QP log
Herg
(acceptable
range:
above −5.0)

QPP
Caco
(nm/s)
<25—poor;
>500—
great

QP log
BB
(−3 to 1.2)

QPP
MDCK
(nm/s)
<25—poor;
>500—
great

QPlog
Khsa
(acceptable
range: −1.5
to 1.5)

Percent
human oral
absorption
>80 %—

high;
<25 %
—poor

1 6441009 1.351 −5.132 11.756 −3.965 4.06 −0.446 15.139

2 42607750 −0.596 −5.738 11.061 −3.387 3.801 −0.888 16.222

3 72276 0.273 −4.41 48.035 −1.856 18.589 −0.453 58.642

4 6711419 0.911 −3.587 604.119 −1.186 520.97 −1.029 56.138

5 56835050 5.767 −3.072 22.788 −2.918 62.379 0.264 46.135

6 65064 −0.512 −5.385 0.785 −4.321 0.218 −0.481 0

7 23663412 3.509 −4.674 18.752 −3.843 8.554 −0.553 44.36

8 72277 −0.382 −4.167 19.239 −2.255 6.915 −0.588 34.732

9 643668 4.054 −5.822 44.818 −3.545 17.247 0.387 54.322

10 54679285 5.763 −6.294 973.648 −1.352 480.634 1.047 100

11 42607750 −0.555 −5.587 14.664 −3.199 5.156 −0.89 18.653

12 73431 3.06 −6.252 10.772 −3.624 3.694 0.513 24.464

13 54679285 5.762 −6.332 1015.569 −1.329 503.04 1.036 100

14 6441009 1.353 −5.143 14.147 −3.875 4.959 −0.468 16.587

15 54679285-3 5.219 −6.137 1500.639 −1.046 767.156 0.634 100

16 54679285-4 5.811 −6.283 1046.255 −1.313 519.488 1.059 100

17 6436722 18.413 −7.437 9906.038 2.412 5899.293 4.2 100

18 54679285-5 5.231 −6.232 1236.169 −1.155 622.122 0.664 100

19 54679285-6 5.158 −5.832 1966.678 −0.876 1027.64 0.572 100

20 6711419-2 0.937 −3.492 605.677 −1.171 518.205 −1.012 56.312

Ligand (CID) Pubchem IDs of the lead molecules, QPogPo/w (−2.0 to 6.5) predicted octanol/water partition coefficient log P (range: −0.20 to 6.5)
[Predicted IC50 values for blockage of Herg K+ channels; (acceptable range: above −5.0)],

QPP Caco predicted apparent Caco-2 cell permeability in nm/s [Caco-2 cells is a model for the gut blood barrier; (nm/s) <25—poor >500—great],

QPlog BB predicted brain/blood partition coefficient, QPP MDCK predicted apparent MDCK cell permeability in nm/s [MDCK cells are
considered to be a good mimic for the blood-brain barrier; (nm/s) <25—poor; >500—great], QPlog Khsa prediction of binding to human serum
albumin (acceptable range: −1.5 to 1.5) [Percentage of human oral absorption; (<25 % is poor and >80 % is high)]
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certain disadvantages, such as low bioavailability and week
potency, are the critical pitfall for translating fundamental
discoveries into successful clinical trials. Therefore, pro-
motion of natural polyphenyl and marine compounds for
anticancer In vitro and In vivo experiment provide the better
strategy to understand the mechanism of action of cancer.

Conclusion

CCR7 promoted cancer progression by generating new
lymphatic vessels that serve as the channel for tumor dis-
semination to lymph nodes. Our results showed that

CID6441009, 42607750, 72276, 6711419, 56835050,
65064, 23663412, 72277, 643668, 54679285 compound
have a superior binding energy −11.35, −10.51, −10.16,
−9.98, −9.95, −9.86, −9.83, −9.57, −9.47, and −9.45
respectively against CCR7. Protein–ligand interactions
profile accentuated that amino acid Glu45, Lys50, Arg54,
Lys57, Trp114, Met260, Glu205, Gln227, Gln276, and
Asp309 involved in the lipophilic, hydrogen bonding, π–π
stacking, and π-cation interactions play a predominant role
at the active site. Foremost, ADME properties of lead
molecules, such as QPlogPo/w, QplogHerg, QPPCaco,
QplogBB, QPPMDCK, QplogKp, Qplog Khsa, and per-
centage of human oral absorption values are charted.

Fig. 3 a Ribbon presentation of the CCR7 protein molecule with CID6441009 b Protein–ligand interactions profile of CCR7 with CID6441009.
c Ribbon presentation of the CCR7 protein molecule with CID65064 d Protein-ligand interactions profile of CCR7 with CID65064
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Moreover, treatment with the EGCG led to down-regulation
of mRNA expression of CCR7. Inhibition of CCR7/
CCL19 signaling axis may provide an auspicious approach
for the anti-tumor therapy. This molecular docking study
outlined docking free energy, protein–ligands interaction
profile, pharmacokinetic, and the pharmacodynamic para-
meters of lead molecules, which are tremendously helpful to
ameliorate the activity of natural and marine compounds
against CCR7.
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