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Research Article

Introduction

Melanoma is a serious cancer and its diagnosis rates have 
been rising for the past 30 years. Melanoma causes the 
majority of skin cancer–related deaths due to metastasis to 
other areas of the body such as the lymph nodes, lungs, liver, 
brain, or bones. Although often curable in its early stages, 
metastatic malignant melanoma is an extremely aggressive 
cancer with no current viable treatment.1 According to the 
American Cancer Society’s estimates for 2018, approxi-
mately 96 480 new melanoma cases will be diagnosed, and 
melanoma may cause approximately 7230 fatalities in the 
United States.2 The estimated 5-year survival rate for early 

stage melanoma is about 98%; however, the survival rate 
falls to 62% as the disease progresses to the lymph nodes, 
and to 18% when the disease metastasizes to distant organs.3

Metastatic malignant melanoma cells, specifically 
B16FO, have been successfully used for experimental 
metastasis to study the effectiveness of anticancer agents, 
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Abstract
Background: Tumor metastasis is a major cause for most cancer-related deaths. Melanoma is a serious cancer that 
metastasizes to other areas of the body, including the lungs, liver, brain, bones, or lymph nodes. Currently used cancer 
therapies are ineffective with a high degree of toxicity and patient mortality. Thus, any successful treatment for melanoma 
must target metastasis. Methods: We studied the effect of a novel nutrient mixture (NM) containing ascorbic acid, lysine, 
proline, green tea extract, quercetin, and others, on the inhibition of melanoma growth and metastasis after inoculation of 
B16FO melanoma cells into the left kidney of female nude mice. Female athymic mice (n = 10) 8 to 10 weeks of age, were 
inoculated superficially in the left kidney with 5 × 105 B16FO melanoma cells in 100 µL of media. The right kidney was left 
untreated. After inoculation, the mice were randomly divided into 2 groups. The control group (n = 5) was fed a regular 
rodent chow diet, and the test group was given the same diet supplemented with 0.5% NM. The animals in control and 
the test groups were sacrificed 2 weeks later. Each animal’s abdominal cavity was opened, and the kidneys, lungs, liver, and 
spleen were excised and examined for tumor growth and metastasis. Results: The kidneys in the control group weighed 
25% to 30% more than those in the NM group due to colonization of B16FO melanoma cells. No metastasis to the liver 
or spleen was observed in either of the groups. However, severe lung metastasis was observed in the control group and 
mild to moderate metastasis was observed in the NM group. Conclusion: These results show that the NM is effective in 
mitigating the growth of tumors in the kidney and metastases to the lung.
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since melanoma cells are extremely aggressive and rap-
idly metastasize to secondary areas of the body such as the 
lymph nodes, lungs, liver, brain, or bones.4 Hart and 
Fidler4 studied the role of organ selectivity in the determi-
nation of metastatic patterns of B16FO melanoma cells 
and concluded that the outcome of metastasis was depen-
dent on the tumor cell properties and host factors, thus 
supporting the “seed and soil” hypothesis to explain the 
nonrandom pattern of cancer metastasis. For example, 
although the circulatory mode of metastasis leads to the 
dissemination of a number of malignant cells, it cannot 
fully explain the patterns of distribution of numerous 
tumors, such as the infrequent metastatic development in 
the organs including the spleen, or skeletal muscle with its 
highly developed vasculature. Zeidman and Busso5 
reported in their study that tumor cells from different 
tumors interacted differently with the capillary bed of a 
given organ. Sugarbaker6 found that tumor cell suspen-
sions from different types of tumors injected into the same 
site in rats established different patterns of metastases. 
Experimental data have indicated that B16FO melanoma 
cells preferentially metastasize to specific organs, such as 
the lungs and liver.7,8

Since 90% of cancer deaths occur secondary to metasta-
sis, any successful anticancer treatment must target the 
metastatic stage of cancer development. Critical events in 
tumor cell invasion include cell attachment, proteolytic 
degradation of the extracellular matrix (ECM), and migra-
tion through the disrupted matrix.9 The high risk of metas-
tasis makes melanoma difficult to treat and accounts for 
approximately 90% of deaths due to metastasized cancers. 
The metastatic cancer responds poorly to the common 
methods of cancer treatment such chemotherapy and radia-
tion, or other treatments. Therefore, a successful treatment 
for cancer has become a challenge for oncologists. Rath and 
Pauling10 proposed that the most effective and universal 
approach to controlling cancer is ensuring optimal synthesis 
and integrity of collagen, which is dependent on essential 
nutrients, such as vitamin C and lysine.

We selected naturally occurring nutrients such as lysine, 
proline, ascorbic acid, green tea extract, and quercetin to 
target cancer development. We then developed a nutrient 
mixture (NM) that has exhibited synergistic anticancer 
activity both in vivo and in vitro in a number of cancer cell 
lines through the inhibition of cancer cell growth, matrix 
metalloproteinases (MMPs) secretion, invasion and metas-
tasis, and angiogenesis.11

In a previous study, we demonstrated that NM was effec-
tive in inhibiting the pulmonary metastasis of B16FO mela-
noma cells injected into the tail vein of C57BL/6 mice, 
especially when the NM was delivered intravenously or 
intraperitoneally.7 We also demonstrated the effectiveness of 
dietary supplementation with NM to prevent experimental 
hepatic metastasis by studying its effects on the intrasplenic 

injection of B16FO melanoma cells into athymic nude 
mice.12 In this study, our main objective was to determine 
the effects of NM supplementation on the development of 
tumors and metastasis to other organs after orthotopic inocu-
lation of B16FO melanoma cells in mice.

Materials and Methods

Cancer Cell Line and Culture

Murine B16FO melanoma cells obtained from ATCC 
(American Type Culture Collection, Rockville, MD, USA) 
were maintained in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal bovine serum, 100 
U/mL penicillin, and 100 μg/mL streptomycin. The media 
and sera used were obtained from ATCC, while the antibiot-
ics (penicillin and streptomycin) were purchased from 
Gibco-BRL (Long Island, NY, USA).

Animals

Female nude mice, approximately 8 to 10 weeks of age, 
were purchased from Simonsen Laboratories (Gilroy, CA, 
USA). The mice were kept in micro-isolator cages under 
pathogen-free conditions on a 12-hour light/dark schedule 
for 1 week. The animals were cared for in accordance with 
institutional guidelines for the care and use of experimental 
animals.

Animal Diet and the Composition of Nutrient 
Mixture

The regular rodent diet was obtained from Purina Mills 
(Gray Summit, MO, USA). The 0.5% NM supplemented 
diet mix was milled and pressed by Purina Mills LLC, and 
generated by Vitatech (Tustin, CA, USA). The 0.5% NM 
diet was composed of the ratio indicated in Table 1.

Experimental Design

After housing for one week female athymic mice (n = 10), 
8-10 weeks of age, were anesthetized by inhalation utilizing 
isofluorane USP (Abbott Laboratories, Chicago, IL, USA). 
As shown in Figure 1, the back overlying the kidney was 
sterilized and a skin incision of 1 cm was made to expose 
the kidney. Mice were inoculated superficially in the left 
kidney with 5 × 105 B16FO melanoma cells in 100 μl of 
PBS, while the right kidney was left untreated. The skin 
was sutured and clamped. After inoculation, the mice were 
randomly divided into 2 groups. The control group (n = 5) 
was fed regular Purina rodent chow diet, while the mice in 
the 0.5% NM group (n = 5) were fed the same diet but sup-
plemented with 0.5% NM. During the study the mice con-
sumed, on the average, 4 g of their respective diets per day. 
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Thus, the supplemented mice received ~20 mg of 0.5% NM 
per day.

Two weeks later the mice were sacrificed, the abdomi-
nal cavity of each animal was opened and the kidneys, 
liver, spleen and hearts were excised from each animal and 
examined. Growth of B16FO melanoma colonies in kid-
ney was evaluated by visualizing sectioned tissue and the 
vital organs were examined for metastasis. All procedures 
were performed according to humane and customary care 
and use of experimental animals and conducted under pro-
tocols approved by the Internal Animal Care and Use 
Committee (IACUC).

Histopathology

The kidney samples were fixed in 10% buffered formalin, 
embedded in paraffin and cut into 4- to 5-µm sections. The 
sections were deparaffinized through xylene and graduated 

alcohol series to water and stained with hematoxylin and 
eosin for microscopic evaluation by IDEXX Reference 
Laboratories.

Results

Mean Initial and Final Weights of the Animals

The body weight of the mice in both the groups did not dif-
fer significantly. Before the experiment, the animals in the 
control group weighed 30.2 ± 1.02 g at the time of inocula-
tion, and 30.6 ± 1.0 g at the time of sacrifice after the exper-
iment. Similarly, the animals in the NM group weighed 
30.06 ± 0.9 g before the experiment and 28.08 ± 0.81 g after 
the experiment (Figure 2).

Tumor Morphology

The abdominal cavity of each mouse was opened and the 
kidneys, lungs, liver, spleen, and heart were excised. The 
metastasis to other vital organs, such as the liver, spleen and 
the lungs, were visually examined. The mice in the control 
group showed significant tumor development in the left 
kidney by B16FO melanoma cells compared with the 0.5% 
NM group. The weight of the left kidney in the control 
group (0.67 ± 0.05 g) was about 25% to 30% higher than the 
kidney in the NM treated mice (0.50 ± 0.02 g), P < .001 
(Figure 3).

Metastasis in Vital Organs

There was no metastasis was seen to the liver, the heart, and 
the spleen in either of the groups. Extensive lung metastasis 
was observed in all mice in the control group; however, 
only mild metastatic foci were seen in the 0.5% NM group 
(Figure 4A and B, respectively).

Tumor Histopathology

Cross sections of the left kidney from the control group 
showed multiple large pigmented melanoma growth occu-
pying approximately 60% of the kidney and significant 
destruction of the kidney tissue. The NM group showed 
similar histology as that of control group; however, the 
changes were less severe and approximately 25% of the 
kidney was seen to be affected by melanoma, as seen in 
Figure 5A and B.

Histological examination of the tumor in the control 
group showed large areas of necrosis involving a majority 
of the left kidney. Extensive growth of B16FO melanoma 
cells was seen in the cortico-medullary area and attached to 
the renal capsule. They consisted of nests and sheaths of 
irregularly round cells with prominent nuclei and presence 
of pigment consistent with melanoma. The details of the 

Table1. Nutrient Composition of Nutrient Mixture (NM).

Components of NM Weight (mg)

Vitamin C (as ascorbic acid, Mg and Ca 
ascorbate and ascorbyl palmitate)

700 μM

l-Lysine 1000
l-Proline 750
l-Arginine 500
N-Acetyl cysteine 200
Standardized green tea extract EGCG 

(epigallocatechin gallate) (80% polyphenol)
1000

Selenium 30
Copper 2
Manganese 1
Quercetin dihydrate 50

Figure 1. Left kidney exposed. Inoculation of B16FO cells in 
the exposed kidney in female nude mouse.
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extent of metastasis of melanoma cells can be clearly seen 
at different magnifications as shown in Figure 6A-D.

The morphology of the tumors in the NM group was 
similar to that of the control group, but with smaller areas of 
necrosis, as seen in Figure 6E-H.

Discussion

Tumor metastasis is a major reason for treatment failure in 
cancer patients. There is currently no effective treatment to 

block metastasis and any further studies in this area, espe-
cially those using nontoxic approaches, would dramatically 
improve patient prognosis. Metastatic malignant melanoma 
is an extremely aggressive cancer with no current viable 
therapy. The aim of this study was to investigate the effect 
of an NM on B16FO melanoma growth and metastasis from 
inoculation in left kidney of nude mice, representing the 
vascular dissemination of melanoma. In our study, supple-
mentation with the NM suppressed B16FO melanoma cell 
growth in the left kidney and its metastasis to the lungs.

Figure 2. Comparison of body weight of the animals in grams.

Figure 3. Comparison of the weight of kidneys (in grams) in the control and the test group of mice (P < .001).
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The results of this study demonstrated a significant 
decrease in the tumor growth in the left kidney and inhibi-
tion of metastatic potential in the test group supplemented 
with NM. All the animals receiving the control diet exhib-
ited extensive metastasis to the lungs, in contrast with mild 
to moderate metastases in the mice receiving the NM 0.5% 
diet. No metastases to the liver, heart, and spleen were 
observed in either of the groups. NM inhibited metastasis to 
the lungs compared to control mice. Notably, the melanoma 
cells invaded and developed tumors in the left kidney and 
metastasized to the lungs from the left kidney (the injection 

site of B16FO melanoma cells) but did not metastasize to 
the right kidney, which was left untreated.

High consumption of fruits and vegetables have been 
reported to be associated with prevention, inhibition, and 
reversal of cancers.13,14 We have developed strategies to 
inhibit cancer development and its metastasis by targeting 
common mechanisms used by the cancer cells to invade and 
migrate throughout the body.12

The NM formulation was based on addressing critical 
physiological targets in cancer progression and metastasis. 
Adequate supplies of ascorbic acid, lysine, and proline are 

Figure 4. Visual comparison of metastatic areas in vital organs (kidney, lungs, spleen) after B16FO inoculation in nude mice. (A) 
Organs from control group. (B) Organs from nutrient mixture (NM) group.

Figure 5. Colonization and tumor formation of B16FO cells as seen in the kidney of female nude mice. (A) Cross section of kidney in 
control group. (B) Cross section of kidney in nutrient mixture (NM) group.
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essential to ensuring optimal structure of the ECM and, 
lysine supports ECM stability as a natural inhibitor of 
plasmin-induced proteolysis.10 The anticancer effects of 

quercetin include induction of cell cycle arrest and apop-
tosis.15 In our other studies, we have shown that the addi-
tion of quercetin significantly increased the anticancer 

Figure 6. Tumor histopathology in kidney after B16FO cells inoculation of female nude mice in (A-D) control group (A, 4×; B, 10×; 
C, 20×; D, 40×) and (E-H) nutrient mixture (NM) group (E, 10×; F, 10×; G, 20×; H, 10×).
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efficacy of green tea extract and reduced mammary tumors 
in Wistar rats.16

In our previous in vitro studies we have shown that NM 
significantly inhibited secretion of the matrix metallopro-
teinases (MMP-2 and MMP-9) and Matrigel invasion by 
melanoma and other cancer cells.17 We also demonstrated 
significant inhibition of cell proliferation and induction of 
apoptosis of B16FO melanoma cells at 500 µg/mL NM, 
suggesting that inhibition of tumor growth was due to the 
multi targeted action of NM.18

Our in vivo studies we have shown that intravenous 
injection of melanoma cells into C57BL/6 mice resulted in 
pulmonary metastasis, providing an excellent model to 
assess test agents on metastasis.7 In another of our studies 
with intrasplenic injection of B16FO melanoma cells in 
mice supplemented with NM, our results showed greater 
reduced tumor growth in the spleen than in the control group. 
The NM group also showed drastically reduced metastasis 
to the liver.12 Moreover, we have observed that subcutaneous 
injection of B16FO melanoma cells into C57BL/6 mice 
induced intraperitoneal growth and ascites.19

Additionally, we have also demonstrated that the supple-
mentation with dietary NM significantly suppressed murine 
B16FO melanoma tumor growth in immune-impaired 
(athymic) mice.20 These findings correlate with our other in 
vivo findings that exposure of melanoma cells for 18 hours 
to NM before injecting them into mice completely pre-
vented the formation of metastatic lung tumor modules.7

In general, any cancer metastases to the kidneys are 
rather rare. However, while metastases of malignant mela-
noma to the kidneys were not evident clinically, they were 
detected at autopsy and present in a form of multiple corti-
cal nodules, not as a renal mass. There have been seven 
cases reported of secondary renal melanoma with renal cell 
carcinoma as its origin, and cases of renal melanoma of 
unknown origin.21-25 In addition, the clinical case of mela-
noma present as a renal mass was reported by Tasdemir 
et al26 in 2011. The case of a primary renal malignant mela-
noma mass was also reported.27 The origins of such tumors 
are rather obscure because the kidneys do not have melano-
cytes, therefore they may originate from migrating precur-
sor cells from other organs.

Although melanomas rarely metastasize to atypical loca-
tions, Trout et al28 reported that 14% of patients had atypical 
locations of melanoma metastases as seen on computed 
tomography scans. They reported that autopsies and patho-
logical reports indicate that kidney metastases could be 
present in 35% to 48% of the cases.28

Currently the early-stage melanoma 5-year survival rate 
is more than 98%; however, this rate drastically decreases to 
18% with the metastasized melanoma. Although several fac-
tors contribute to the prognosis and survival of a patient, 
nonavailability of a safe and successful method for treatment 
of metastatic cancer is a major roadblock in progress. In our 

in vivo studies, we examined the safety of NM and found 
that the NM neither had any adverse effects on vital organs 
(heart, liver, and kidneys) nor did it affect the associated 
functional serum enzymes.29 This indicates that this NM 
mixture is safe to use even at these high doses, which far 
exceed the normal equivalent dosage of a single nutrient.

In conclusion, the results of the present study have 
shown that the nutrient mixture was effective in signifi-
cantly reducing B16FO melanoma cell tumor growth in the 
left kidney and metastasis to the lungs in female nude mice. 
These findings, together with our earlier results, indicate 
the anticancer potential of NM.
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