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ABSTRACT

Thyroid cancer is the most common endocrine malig-
nancy. Mortality from thyroid cancer results from tumor
invasion with local and distant metastases. Degradation of
extracellular matrix is the hallmark of metastasis and is
mediated by matrix metalloproteinase (MMP) enzymes. A
novel Nutrient Mixture (NM) containing ascorbic acid,
lysine, proline, and green tea extract has exhibited signifi-
cant anticancer activity in other cancer cell lines. In this
study, we investigated the effects of NM on a thyroid can-
cer cell line on proliferation (MTT Assay), MMP secretion
(Gelatinase-Zymography), Matrigel™ invasion, and mor-
phology (H&E). Zymography demonstrated that NM inhib-
ited MMP-2 secretion, with virtually total inhibition at 1000
mg/mL. Matrigel™ invasion was inhibited at 50, 100, and
500 mg/mL by 42%, 63%, and 100%, respectively. NM was
nontoxic to thyroid cancer cells below 500 mg/mL, and
H&E staining did not show morphological changes.

CONCLUSION

NM significantly inhibited critical steps in cancer progres-
sion by blocking MMP-2 enzymes and Matrigel™ invasion.
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INTRODUCTION

Thyroid cancer is the most common of all endocrine
cancers. American Cancer Society estimates approximately
33,550 new cases of thyroid cancer will be diagnosed in the
United States in 2007, and approximately 1530 deaths are
estimated due to thyroid cancer. Some of the risk factors for
developing thyroid cancer are: white race, female gender,
low intake of iodine, and previous radiation exposure.
Thyroid cancer will constitute 4% of all female cancers in
2007. Women between ages of 40 and 70 are at higher risk;
however, women as young as 19! have been reported to be
diagnosed with this disease. The hormone estrogen is
thought to increase the rate of thyroid cancer in women.2-34
Radiation, especially therapeutic radiation for Hodgkin’s
disease in childhood, increases chances of developing thy-
roid cancer later in life. Lowering the doses of radiation has
not decreased this risk.>

Thyroid cancers are divided into three categories: dif-
ferentiated, medullary, and anaplastic cancers. Well-differ-
entiated thyroid cancers (papillary and follicular) grow
slowly, are rarely fatal, but may recur. Medullary cancers
developing from C cells of the gland metastasize faster and
are resistant to radioactive iodine. Anaplastic thyroid can-
cers are relatively uncommon, yet the most dangerous, of
malignant tumors, and have the worst prognosis.

The accepted methods of treatment for all types of thy-
roid cancers include surgery, radioactive iodine, thyroid hor-
mone supplementation, external beam radiation therapy, and
chemotherapy.® The best suggested approach by the
American Cancer Society is a combination of two or more of
these methods. In most cases, surgery is followed by radioac-
tive iodine treatment, with or without supplemental thyroxin.
Chemotherapy has very limited use and is only used as pal-
liative care.” Despite this combination approach, anaplastic
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thyroid carcinoma responds very poorly and has uniformly
dismal prognosis with median survival of 3 to 7 months.3.9

This indicates that at this point there is no radical cure
available for thyroid cancer, and multiple treatment combi-
nations are tried in the hope of achieving maximum sur-
vival.l0 The standards of treatment, including surgery,
radiation, chemotherapy, or even a combination of them,
have not addressed the aspect of metastases, marking these
approaches less effective at improving survival in the
majority of cases.!l:12 Clearly there is a need for a new,
safer, and more effective approach for thyroid cancer.

Previous studies have shown that proteolytic degrada-
tion of extracellular matrix (ECM) is the key factor in stro-
mal invasion of the tumors and eventual metastasis. Matrix
metalloproteinases (MMPs) are a group of calcium-depen-
dent, zinc-containing endopeptidase enzymes that are
responsible for the tissue remodeling and degradation of the
extracellular matrix, including collagen and elastin. MMPs
are excreted by a variety of connective tissue cells.!3.14
These MMPs participate in normal tissue remodeling, such
as embryonic development, angiogenesis, and wound heal-
ing. Studies have shown that the aggressiveness of the can-
cer indicated by invasiveness, grade, and stage, is highly
correlated with the expression of MMPs.!5> Though several
proteolytic enzymes are postulated to play a role in this
process, MMPs, especially MMP-2 and MMP-9, are identi-
fied as the most important. !0

Rath and Pauling postulated that nutrients such as
lysine and ascorbic acid (Vitamin C) could act as natural
inhibitors of ECM proteolysis and, therefore, by stabilizing
the connective tissue, have the potential to modulate tumor
growth and metastasis.!7 These nutrients can utilize their
antitumor potential through several mechanisms, including
the inhibition of MMPs, as well as strengthening of con-
nective tissue surrounding cancer cells, which is also
known as “Tumor encapsulating effect”. Our previous stud-
ies have also confirmed this approach.!8. 19

In our current study, we have investigated the antitumor
potential of an in vitro Nutrient Mixture (NM) on thyroid
cancer in the SW 579 cell line by measuring cell prolifera-
tion, modulation of MMP secretion, cancer cell invasive
potential, and morphology. The Nutrient Mixture (NM) is a
combination nutrients formulated to target the key physio-
logical pathways in cancer progression and metastasis.

MATERIALS AND METHODS
2.1 Cell Culture

Human Anaplastic Thyroid Carcinoma Cell line SW
579, obtained from ATCC (American Type Culture
Collection, Rockville, MD), was grown in Leibowitz medi-
um with 10% feta bovine serum, penicillin (100 U/mL), and
streptomycin (100 mg/mL) in 24-well tissue culture plates
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(Costar, Cambridge, MA). Cells were incubated with 1 mL
of medium at 37°C in a tissue culture incubator equilibrat-
ed with 95% air and 5% CO,- At near confluence, the cells
were treated with Nutrient Mixture (NM) dissolved in
media at 0, 10, 50, 100, 500, and 1000 mg/mL. The plates
were then returned to the incubator.

2.2 MTT Assay

Cell proliferation was evaluated by MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]
assay, a colorimetric assay based on the ability of viable
cells to reduce a soluble yellow tetrazolium salt (MTT) to a
blue formazan crystal by mitochondrial succinate dehydro-
genase activity of viable cells. This test is a good index of
mitochondrial activity and thus of cell viability. After incu-
bating for 24 hours, the cells were washed with phosphate-
buffered saline (PBS) and 500 ml of MTT (Sigma Catalog
No. M-2128), 0.5 mg/mL media was added to each well.
The plates were covered and returned to the 37°C incubator
for 2 hours, the optimal time for formazan product forma-
tion. Following incubation, the supernatant was carefully
removed from the well, the formazan product was dis-
solved in 1 mL DMSO (Dimethyl sulfoxide), and
absorbance was measured at 570 nm in Bio Spec 1601
Shimadzu spectrometer. The ODs70 of the DMSO solution
in each well was considered to be proportional to the num-
ber of cells. The ODs70 of the control (treatment without
supplement) was considered to be 100%.

2.3 Gelatinase Zymography

MMP secretion in conditioned media was determined
by gelatinase zymography. Gelatinase zymography was
performed in 10% polyacrylamide precast Novex gel, sodi-
um dodecyl sulphate (Invitrogen Corp.), in the presence of
0.1% gelatin under non-reducing conditions. Culture medi-
um (20 ml) was loaded, and sodium dodecyl sulphate
(SDS)-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
was performed with Tris-Glycerine SDS buffer as
described by the manufacturer (Novex). Samples were not
boiled before electrophoresis. After electrophoresis, the
gels were washed with 5%_Triton X-100 for 30 minutes at
room temperature to remove SDS. The gels were then incu-
bated at 37°C overnight in the presence of 50 mM Tris-
HCI, 5 mm CaCl,, 5 mM ZnCl, at pH 7.5, stained with
Coomasie Blue R 0.5% for 30 minutes, and destained.
Protein standards were run concurrently, and approximate
molecular weights were determined by plotting the relative
mobilities of known proteins.

2.4 Matrigel™ Invasion Studies

Invasion studies were conducted using Matrigel™
(Becton-Dickinson) inserts in 24-well plates. Suspended in
medium, human thyroid cancer cells SW 579 were supple-
mented with nutrient, as specified in the design of the
experiment and seeded on the insert in the well. Thus, both
the medium on the insert and in the well contained the same
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supplements. The plates with the inserts were then incubat-
ed in a culture incubator equilibrated with 95% air and 5%
CO, for 24 hours. After incubation, the media from the
wells were withdrawn. The cells on the upper surface of the
inserts were gently scrubbed away with cotton swabs. The
cells that had penetrated the Matrige]™ membrane and had
migrated onto the lower surface of the Matrigel™ were
stained with hematoxylin and eosin and visually counted
under the microscope.

2.5 Morphology

Morphology of cells cultured for 24 hours in the test
concentrations of NM were evaluated by H&E staining and
observed and photographed by microscopy.

2.6 Composition of Nutrient Mixture (NM)

Stock solution of the Nutrient Mixture (NM) prepared
for testing was composed of the following: Vitamin C (as
ascorbic acid, and as Mg, Ca, and palmitate ascorbate) 700
mg; L-lysine 1000 mg; L-proline 750 mg; L-arginine 500
mg; N-acetylcysteine 200 mg; standardized green tea
extract 1000 mg (green tea extract was derived from green
tea leaves obtained from US Pharma Lab.)

The certificate of analysis indicates the following char-
acteristics: total polyphenol 80%, catechins 60%, epigallo-
catechin gallate [EGCG] 35%, and caffeine 1.0%, selenium
30 mg, copper 2 mg, and manganese | mg.

The Nutrient Mixture (NM) was formulated based on
targeting different physiological processes involved in can-
cer progression and metastasis. For example, the ECM
integrity is dependant upon adequate collagen formation
and its stability. In this aspect, ascorbic acid and the amino
acids lysine and proline are necessary for the formation and
optimum structure of collagen fibers. Manganese and cop-
per are also essential cofactors in the collagen formation
process. Collagen stability can be controlled by lysine!7 and
also by N-acetylcysteine through its inhibitory effect on
MMP-9 activity?? and invasive activities of tumor cells.2!.22
Selenium has also been shown to interfere with MMP
expression and tumor invasion,23 as has migration of
endothelial cells through ECM.2! Ascorbic acid has been
shown to inhibit cell division and growth through produc-
tion of hydrogen peroxide.24 Green tea extract has shown to
be a promising agent in controlling angiogenesis, metasta-
sis, and other aspects of cancer progression.25:26 Because
arginine is a precursor of nitric oxide (NO), any deficiency
of arginine can limit the production of NO, which has been
shown to act predominantly as an inducer of apoptosis, as
in breast cancer cells.26

Based on the evidence available in literature and our
own research, we have postulated that metabolic effects of
a combination of ascorbic acid, lysine, proline, green tea
extract, arginine, N-acetylcysteine, selenium, copper, and
manganese would result from their synergy. For example,
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we found that a combination of ascorbic acid, lysine, and
proline used with EGCG enhanced the anti-invasive activi-
ty of 20 mg/mL EGCG to that of 50 mg/mL.27 Thus, by
including N-acetylcysteine, arginine, selenium, manganese,
and copper with ascorbic acid, proline, lysine, and EGCG,
we could obtain significant reduction in cell invasion at a
much lower concentration of EGCG or other components.
Also, the combined effects of these individual nutrients on
decreasing proliferation of neoplastic cells were superior to
the effects of their individual components or when they
were randomly combined.28

2.7 Statistical Analysis

The results were expressed as means + SD (Standard
Deviation) for the groups. Data was analyzed by indepen-
dent sample “t” test.

RESULTS
3.1 Cell Proliferation Study

The Nutrient Mixture (NM) had no significant toxic
effect on human thyroid carcinoma SW 579 cell prolifera-
tion as shown in Fig.1.

3.2 Gelatinase Zymography Study

Gelatinase Zymography study shows only one band
corresponding to MMP-2. MMP-9 is not secreted by SW
579 cell line. The expression of MMP-2 was decreased
with increasing concentration of NM as shown in Fig. 2A.
Densitometry analysis as seen in Fig. 2B shows that with
the increasing concentrations of NM from 10, 50, 100, 500,
and 1000 mg/ml, the expression of MMP-2 decreased from
107, 97, 85, and 20% respectively to almost complete inhi-
bition at 1000 mg/ml, with R2 value being 0.8007.

3.3 Invasion studies

The Nutrient Mixture (NM) significantly reduced the
invasion of thyroid carcinoma cells through Matrige]™ in a
dose dependant fashion, as seen in Fig. 4, with 42% inhibi-
tion at 50 mg/mL, 63% inhibition at 100 mg/mL, and 100%
at 500 mg/mL (P=0.0002) NM, as shown in Fig. 3.

3.4 Morphology study (H&E staining)

NM showed no effect on morphology of thyroid cancer
cell line SW 579 up to 100mg/ml. However, significant
changes were seen at higher doses, from 500 to 1,000
mg/mL, as seen is in Fig. 5-A through 5-F.

DISCUSSION

In the current study, we analyzed the effects of NM on
anaplastic thyroid cancer cell line SW 579. The results indi-
cate that NM is effective in inhibition of Matrigel™ inva-
sion, in a dose dependant manner, by thyroid cancer cells
SW 579. In addition, we also noticed that NM decreases
MMP-2 secretion by thyroid cancer cells in a dose depen-
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dant fashion. NM did not seem to affect the morphology of
cells SW 579 below 500 mg/mL. The results obtained with
this thyroid cancer cell line corroborate with our previous
data evaluating NM effects on other cancer cell lines2930.31
proving that the inhibitory actions of the Nutrient Mixture
(NM) on MMP secretion and Matrigel™ invasion are sim-
ilar to most other cancer cell lines.

Anaplastic thyroid carcinomas constitute 1 to 5% of all
thyroid cancers and are an extremely malignant tumor of
the elderly population. Long-standing and well-differentiat-
ed thyroid cancers, such as papillary and follicular types,
frequently coexist with the diagnosis of anaplastic thyroid
cancer in 23 to 90% of the cases, and are also thought to be
a predisposing factor for development of anaplastic thyroid
carcinoma.’2 Prolonged goiter with Thyroid Stimulating
Hormone (TSH) treatment may be responsible for such
changes.33 Anaplastic thyroid carcinoma is assumed to be
one of the most destructive of all human malignancies.
Fatalities attributed to this cancer are due to local and dis-
tant metastasis. Local invasion in the trachea and esopha-
gus is as dangerous as distant metastasis in lungs, bones,
and brain. Therefore, controlling this process of metastatic
is the topmost priority. Many studies have indicated the
importance of MMP enzymes in tissue remodeling and
tumor progression through extracellular matrix (ECM)
degradation. Of all MMP types, MMP-2 and MMP-9 are
indicated to cause the highest level of collagen IV destruc-
tion. Collagen is the main component of cellular basement
membrane and therefore plays a critical role in tumor pro-
gression and invasion. Researchers have shown, especially
in papillary thyroid cancer, that plasma Vascular
Endothelial Growth Factor (VEGF) and MMP-9 are signif-
icantly increased and are very good indicators of its
metastatic potential.!6 It has also been proven that MMP-2
and its tissue inhibitors play a vital role in the pathogenesis

Figure 1. Effect of NM on thyroid cancer cells SW 579 cell
proliferation: MTT Assay 24 hours.

Figure 2. Effect of NM on MMP secretion of thyroid can-
cer cell line SW 579: 2A- (Legend: 1- Markers, 2- Control,
3-7 NM 10, 50, 100, 500, 1000 pg/ml).
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(67 kD)

123456 7

Cells were cultured, challenged with different concentrations
of NM and condition media was applied for Zymography.

Figure 2B. Densitometry Analysis: Effect of NM on relative
activity of MMP-2 in human thyroid cancer cells SW 579.
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Figure 3. Effect of NM on Matrigel Invasion of thyroid
cancer cells SW 579.
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The nutrient mixture (NM) had no significant toxic effect
on human thyroid carcinoma SW 579 cell proliferation.

JANA Vol. 12, No. I, 2009

The nutrient mixture (NM) significantly reduced the inva-
sion of thyroid carcinoma cells through Matrigel in a dose
dependant fashion.
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Figure 4. Thyroid Cancer cells SW 579 Invasion Photomicrographs.
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The nutrient mixture (NM) significantly reduced the invasion of thyroid carcinoma cells through
Matrigel in a dose dependant fashion.
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Figure 5. Thyroid Cancer cell SW 579 cell Morphology Photomicrographs (H&E Staining).
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of thyroid cancer.34 Higher expression of both MMP-2 and
MMP-9 is significantly correlated with larger tumor size,
lymph node metastasis, higher clinical stage, and increased
potential for intra-thyroidal and vascular invasion.33
Increased MMP-2 secretion can also be used as a diagnos-
tic marker to differentiate papillary versus other thyroid
neoplasms. Therefore, it can be inferred that MMP enzymes
are critical in the mechanism of invasion, angiogenesis, and
metastasis of thyroid cancers.3¢

Control of proteolytic activity in ECM provides an
opportunity to address common mechanisms of metastasis,
angiogenesis, and tumor growth. It has been postulated that
MMP inhibitors could be effective antitumor agents for the
treatment of aggressive thyroid carcinomas.37:38
Considerable evidence has accumulated regarding develop-
ment of synthetic and specific MMP blockers as medica-
tions.3¥ However, it seems that one of the most promising
approaches to cancer would be targeting universal patho-
mechanisms involved in cancer growth and metastasis, such
as encapsulating the tumor, strengthening of connective tis-
sue, preventing angiogenesis, and blocking MMP activity.
Rath and Pauling have suggested that lysine and lysine ana-
logues are effective blockers of MMP-2 and MMP-9, and
that they also strengthen the surrounding connective tissue
to prevent matrix invasion and thus contribute to the encap-
sulation of the tumor.!7 Extracellular matrix integrity is
dependant upon adequate collagen formation and stability,
which is supported by lysine along with vitamin C and pro-
line. Optimization of synthesis and structure of collagen
fibrils depend on hydroxylation of proline and lysine
residues in collagen fibrils. Ascorbic acid is essential for
this hydroxylation and for regulating the collagen synthesis
at a transcription level. Furthermore, lysine prevents cell
migration by preventing collagen-digesting enzymes from
binding to plasminogen-active sites, thereby blocking the
activation of plasmin by plasminogen.!” However, subopti-
mal levels of ascorbic acid and lysine are possible in vari-
ous pathological stages and in deficient diets as these nutri-
ents are not produced in the human body.

In this study, the dose dependant reduction of MMP-2,
and also the significant reduction of Matrigel™ invasion by
thyroid cancer cells SW 579, indicate that NM effectively
blocks MMP-2 enzymes and supports collagen formation,
thus preventing metastasis. This is especially significant in
light of the fact that, at present, there is little or no cure
available for thyroid cancer, and prolonging survival of the
patient is the only goal of treatment combinations. While
the death toll from thyroid cancer continues to mount every
year, physicians are advised to combine two or more best-
suited approaches for their patients.104041 Surgery is the
most common choice of treatment for thyroid cancers; it
does not, however, address metastasized cancers.#? In addi-
tion to the inherent risks involved in any major operation,
thyroid surgeries carry the additional risk of injury to the
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laryngeal nerve, leaving the person with permanent hoarse-
ness of voice. Accidental removal of the parathyroid gland
during surgery could lead to imbalances in calcium metab-
olism, with serious implications. In most cases, chemother-
apy is used as a palliative measure. Although well-differ-
entiated types, such as papillary and follicular, are the most
common thyroid cancers, they have a high recurrence rate
and are predisposing factors for anaplastic cancer. Even the
most targeted radiotherapy indiscriminately attacks sur-
rounding healthy cells as well as cancer, causing consider-
able cellular and ECM damage. In contrast to that, NM
does not affect normal cells, even at high concentrations,
indicating the safety of the combination. Cancer mortality
results mainly from the tumor invading local tissues and
metastasizing to vital organs, such as liver, lungs, and brain.
As mentioned previously, degradation of ECM is hallmark
of these events and is mediated by MMPs. Therefore, safe
and effective inhibition of MMPs is the target of treatment.

CONCLUSIONS

While additional animal studies and clinical trials are
required, the results of our study suggest that this formula-
tion of Nutrient Mixture is a very good candidate for thera-
peutic evaluation in thyroid cancer as it inhibits MMP
secretion and invasion of cancer cells, assuring safety for
normal cells.

ACKNOWLEDGEMENTS:

Julio Monterrey performed thyroid zymograph scans
and densitometry analysis and calculations. Dr. Rath’s
Research Institute provided funding for this research.

REFERENCES

1. Chung D, Maher M, Faquin W. Case records of the
Massachusetts General Hospital, Case 37-2006. A 19-
year-old woman with thyroid cancer and lower gastroin-
testinal bleeding. NEJIM. Nov 2006:355(22):2349-
2357.

2. Chan E, Sepkovic D, Yoo, Bowne H, Yu G, Schantz S.
A hormonal association between estrogen metabolism
and proliferative thyroid disease. Otolaryngol Head
Neck Surg. Jun 2006;134(6):893-900.

3. Lee S, Kim K, Jung B, Chung W, Park C, Chung B.
Estrogens in female thyroid cancer: alteration of urinary
profiles in pre and post-operative cases. Cancer Lett. Jan
2003;189(1):27-32.

4. Yoo H, Sepkovic D, Bradlow H, Yu G, Sirilian H,
Schantz S. Estrogen metabolism as a risk factor for head
and neck cancer._Otolaryngol Head Neck Surg. Mar
2001;124(3):241-247.

JANA Vol. 12, No. I, 2009



10

11.

12.

13.

14.

15.

16.

17.

18.

. Davies S. Subsequent malignant neoplasms in survivors

of childhood cancer: Childhood Cancer Survivor Study
(CCSS) studies. Ped Blood Cancer. Jun 2007;48(7):727-
730.

. O’Doherty M, Coakley A. Drug therapy alternatives in

the treatment of thyroid cancer. Jun

1998;55(6):801-812. Review.

Drugs.

. Paches A, Liubaev V, Shental V, Pustynskii I, Abdullin

N. Current state of the treatment of thyroid cancer.
Voprosy Onkologi, 1998;44(5):562-566. Russian.

. Voutilainen P, Multanen M, Haapiainen R, Leppéaniemi

A, Sivula A. Anaplastic thyroid carcinoma survival.
World J Surg. Sep 1999;(9):975-978; discussion 978-
979.

. Younes M, Kim S, Yigitbasi O, Mandal M, Jasser S,

Dakak, Yazici Y, Schiff B, El-Naggar A, Bekele B, Mills
G, Myers J. Integrin-linked kinase is a potential thera-
peutic target for anaplastic thyroid cancer. Mol Cancer
Ther. Aug 2005;4(8):1146-1156.

. Cornett W, Sharma A, Day T, Richardson M, Hoda R,
van Heerden J, Fernandes J. Anaplastic thyroid carci-
noma: an overview. Curr Oncol Rep. Mar
2007;9(2):152-158.

Linder R, Fuhrmann J, Hammerschmidt D. Therapeutic
concepts and long-term outcome in thyroid gland carci-
noma. Zentralblatt fiir Chirurgie 1996;121(6):459-464.

Tsang R, Brierley J, Simpson W, Panzarella T,
Gospodarowicz M, Sutcliffe S. The effects of surgery,
radioiodine, and external radiation therapy on the clini-
cal outcome of patients with differentiated thyroid car-
cinoma. Cancer. Jan 1998; 82(2):375-388.

Verma R, Hansch C. Matrix metalloproteinases
(MMPs): chemical-biological functions and (Q)SARs.
Bioorganic Med Chem, Mar 2007;15(6):2223-2268.

Kraiem Z, Korem S. Matrix metalloproteinases and the
thyroid. Thyroid. Dec 2000;(12):1061-1069. Review.

Kleiner D, Stetler-Stevenson W. Matrix metallopro-
teinases and metastasis. Cancer Chemother Pharmacol.
1999;43(suppl):S42-S51. Review.

Pasieka Z, Stepien H, Czyz W, Pomorski L, Kuzdak K.
Concentration of metalloproteinase-2 and tissue
inhibitor of metalloproteinase-2 in the serum of patients
with benign and malignant thyroid tumors treated sur-
gically. Endocr Reg. Jun 2004;38(2):57-63.

Rath M, Pauling L. Plasmin-induced proteolysis and the
role of apoprotein(a), lysine, and synthetic lysine
analogs. J Orthomol Med. 1992;7:17-23.

Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A,
Rath M. In vivo and in vitro antitumor effect of ascor-
bic acid, lysine, proline, arginine, and green tea extract

JANA Vol. 12, No. I, 2009

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

on human fibrosarcoma cells HT-1080. Med Oncol.
2006;23(1):105-111.

Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A,
Rath M. Suppression of human cervical cancer cell
lines Hela and DoTc2 4510 by a mixture of lysine, pro-
line, ascorbic acid, and green tea extract. Int J Gynecol
Cancer. May-Jun 2006;16(3):1241-1247

Kawakami S, Kageyama Y, Fujii Y, Kihara K, Oshima
H. Inhibitory effect of N-acetylcysteine on invasion
and MMP-9 production of T24 human bladder cancer
cells. Anticancer Res. Jan-Feb 2001;21(1A): 213-219.

Morini M, Cai T, Aluigi M, Noonan D, Masiello L, De
Flora S, D’Agostini F, Albini A, Fassina G. The role of
the thiol N-acetylcysteine in the prevention of tumor
invasion and angiogenesis. Int J Biol Mark. Oct-Dec
1999;14(4):268-271.

Noonan D, Benelli R, Albini A. Angiogenesis and can-
cer prevention: a vision. Recent Results Cancer Res.
2007;174:219-224. Review.

Yoon S, Kim M, Chung A. Inhibitory effect of selenite
on invasion of HT1080 tumor cells. J Biol Chem. Jun
2001;276(23):20085-20092.

Maramag C, Menon M, Balaji K, Reddy P, Laxmanan
S. Effect of vitamin C on prostate cancer cells in vitro:
effect on cell number, viability, and DNA synthesis.
Prostate. Aug 1997; 32(3):188-195.

Hara Y. Green Tea: Health Benefits and Applications.
New York, Publisher: CRC Press; 2001.

Cooke J, Dzau V. Nitric oxide synthase: role in the gen-
esis of vascular disease. Ann Rev Med. 1997;48:489-
509. Review.

Roomi MW, Roomi N, Ivanov V, Kalinovsky T,
Niedzwiecki A, Rath M. Inhibition of pulmonary
metastasis of melanoma b16fo cells in C57BL/6 mice
by a Nutrient Mixture consisting of ascorbic acid,

lysine, proline, arginine, and green tea extract. Exp
Lung Res. Nov-Dec 2006;32(10):517-530.

Netke S, Roomi MW, Roomi N, Ivanov V, Niedzwiecki
A, Rath M. A specific combination of ascorbic acid,
lysine, proline and epigallocatechin gallate inhibits
proliferation and extracellular matrix invasion of vari-
ous human cancer cell lines. Res Commun Pharmacol
Toxicol Emerging Drugs. 2003;2:37-50

Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A,
Rath M. Antitumor effect of nutrient synergy on human
osteosarcoma cells U-20S, MNNG-HOS, and Ewing’s
sarcoma SK-ES. Oncol Rep. Feb 2005;13(2):253-257.

Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A,
Rath M. In vivo antitumor effect of ascorbic acid,
lysine, proline, and green tea extract on human colon
cancer cell HCT 116 xenografts in nude mice: evalua-

33



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

34

tion of tumor growth and immunohistochemistry.
Oncol Rep. Mar 2005;13(3):421-425.

Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A,
Rath M. Inhibition of matrix metalloproteinase-2 secre-
tion and invasion by human ovarian cancer cell line
SK-OV-3 with lysine, proline, arginine, ascorbic acid,
and green tea extract. J Obstet Gynaecol Res. Apr
2006;32(2):148-154.

Aratake Y, Nomura H, Kotani T, Marutsuka K,
Kobayashi K, Kuma K, Miyauchi A, Okayama A,
Tamura K. Coexistent anaplastic and differentiated thy-
roid carcinoma. Am J Clin Pathol. Mar
2006;125(3):399-406.

Schlumberger M. Anaplastic thyroid carcinoma.
Orphanet Encyclopedia. Mar 2004.
www.orpha.net/data/patho/GB/uk-ATC.pdf.

Maeta H, Ohgi S, Terada T. Protein expression of
matrix metalloproteinases 2 and 9 and tissue inhibitors
of metalloproteinase 1 and 2 in papillary thyroid carci-
nomas. Virchows Archiv. Feb 2001;438(2):121-128.

Korem S, Kraiem Z, Shiloni E, Yehezkel O, Sadeh O,
Resnick M. Increased expression of matrix metallopro-
teinase-2: a diagnostic marker but not prognostic mark-
er of papillary thyroid carcinoma. Israel Med Assoc J.
Apr 2005;4(4):247-251

Turner H, Harris A, Melmed S, Wass J. Angiogenesis in
endocrine tumors. Endocr Rev. Oct 2003;24(5):600-
632. Review.

Kontogiorgis C, Papaioannou P, Hadjipavlou-Litina D.
Matrix metalloproteinase inhibitors: a review on phar-
macophore mapping and (Q) SARs results. Curr Med
Chem. 2005;12(3):339-355.

Chen D, Daniel K, Kuhn D, Kazi A, Bhuiyan M, Li L,
Wang Z, Wan S, Lam W, Chan T, Dou Q. Green tea and
tea polyphenols in cancer prevention. Frontiers Biosci.
Sep 2004;1(9):2618-2631.

Hidalgo M, Eckhardt S. Development of matrix metal-
loproteinase inhibitors in cancer therapy. J Natl Cancer
Inst. Feb 2001;93(3):178-193. Review

Cappelli C, Pirola I, Braga M, De Martino E, Morassi
M, Gandossi E, Mattanza C, Balzano R, Castellano M,
Rosei E. Prognostic factors in well-differentiated thy-
roid carcinoma in patients treated and followed in the
same institution. Annali Italiani di Chirurgia. Mar-Apr
2006;77(2):107-113

Wojtowicz-Praga S, Dickson R, Hawkins M. Matrix
metalloproteinase inhibitors. Investig New Drugs.
1997;15(1):61-75.

O’Doherty M, Nunan T, Croft D. Radionuclides and

therapy of thyroid cancer. Nuc/ Med Comm. Sep
1993;14(9):736-755. Review.

JANA Vol. 12, No. |, 2009



