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Abstract 
Background: With the exception of a few anticancer agents, most chemotherapeutics currently used have varying effects 
on cancer cells and devastating effects on normal cells. Previously, we showed the natural product compound NI-07 was 
effective against breast cancer cells. Here, we investigated its effectiveness in vitro on six different cancer types. 
Additionally, NI-07 was tested in vivo by injecting human melanoma cells WM-266-4 into BALB/c mice and treating with 
NI-07, cisplatin or untreated. 

Methods: For in vitro experiments, human cancer cell lines H1299, PC-3, AsPc-1, TT, Saos-2, and the rat C6 glioma cell 
line were analyzed in concurrently treated cultures of NI-07 (36.6 mM), Taxol™ (2 × 10-6M Taxol for 24h) or untreated 
for 1 week. In week 2, cells were analyzed for NI-07 effectiveness against resistance/recovery. Cell death was determined 
by cell counts, Trypan Blue exclusion and microscopy. Cell viability and cytotoxicity were measured by XTT. Three or 
more independent experiments were performed for each cell type. For in vivo experiments, 105 WM-266-4 melanoma 
cells were injected into the right flank of 5-week-old female nude mice (BALB/c nu/nu) and treated by gavage with 
0.0035mg/g NI-07. Untreated or Cisplatin (0.0025mg/g) treated mice were used as control groups. Statistical significance 
was determined using One-way ANOVA, Tukey’s HSD (p ≤ 0.05) and Cohens d (p ≤ 2.0). 

Results: In vitro results for NI-07 showed significant declines in cell viability between 48h – 4d of treatment. Overall 
results demonstrated that the effect of NI-07 was comparable or superior to Taxol in killing cancer cells in all lines tested. 
Cancer cell recovery was less effective in NI-07 versus Taxol. In vivo results showed that NI-07 significantly slowed the 
tumor growth in comparison to untreated and cisplatin-treated mice. 

Conclusions: NI-07, a novel natural product, effectively kills a wide variety of cancer cell types in vitro. Additionally, 
results showed that NI-07 was significantly more effective at slowing/reducing melanoma growth in a mouse model, in 
comparison to controls. Statistical significance (p ≤ 0.05) of NI-07 to Untreated, Taxol™ or cisplatin was determined 
using One-Way ANOVA and Tukey’s HSD test. 
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1 Background 

Current chemotherapies consist of drugs that disrupt mitosis (paclitaxel [1]), polymerize the cytoskeleton (vinblastine [2]), 
impede DNA-damage repair mechanisms (etoposide [3]), cause DNA cross-linking (cisplatin [4]), stop protein synthesis via 
DNA intercalation (doxorubicin [5]), inhibit RNA synthesis (actinomycin D [6]), and choke the blood and nutrient supply 
from the tumors (bevacizumab [3]). Taken together, it would seem unlikely that tumor cells should survive this onslaught of 
modern medicine. However for some cancers, prognoses are poor, remission is not guaranteed, recurrences develop and 
metastases arise [7].  

The major shortcoming of most current treatments is the inability to specifically target the cancer cells or cancer stem  
cells [7], bypassing normal cells. Additionally, the majority of these drugs are not water-soluble and the nanotechnologies 
to deliver them are still in their infancy [8]. Therefore the main delivery vehicle (Cremophor™) adds compounding side 
effects [9]. Thus, normal cells and tissues are also exposed to these chemical insults, attenuating the clinician’s ability to 
treat the disease immediately and definitively. The other major problem is that these anticancer agents can induce 
debilitating side effects that must also be treated, lest they prove fatal faster than the cancer [10, 11]. The side effects from 
treatment can greatly reduce the quality of life for the patient. These side effects include rash and other skin changes, 
diarrhea, fatigue, hair loss, nausea and vomiting, decrease in blood cell counts, kidney damage and high blood pressure, to 
name the most common [12]. In many cases, patients are more afraid of these, than the cancer itself. 

Although the majority of cancer treatments are not water-soluble, there are a few notable exceptions (e.g. imatinib [13]). 
Additionally, the technology is beginning to allow us to target cancer cells specifically (traztusumab [13]). Finally, 
molecular profiling is helping clinicians identify unique patient responses, allowing them to better tailor the treatment 
combinations [14]. However, it is clear that there is a critical need for effective anticancer agents that act specifically on the 
cancer cells without harming the normal cells or tissues of the patient. By developing such drugs, the goal is to make 
treatments more effective, recovery quicker and overall quality of life better because essentially, cancer cells die and 
normal cells are not affected. 

In our previous study, the physical and chemical characteristics of the natural product compound NeoImmune®-07 
(NI-07) were described [15]. This 100% water-soluble compound is a mixture of several molecules implicated as having 
potential anticancer effects along with the novel reactive NI-07 species. In this study, we described its effectiveness in 
vitro in killing 5 out of 5 breast cancer cell lines while showing no cytotoxicity to normal human mammary epithelial cells 
and normal human mammary fibroblast cells. Here we expanded our investigations to determine the effectiveness of the 
natural product NI-07 on a variety of solid cancer cell types. These included in vitro testing on adenocarcinoma cells, 
sarcoma cells, glioma cells as well as investigating its effectiveness in vivo against melanoma. Our results indicate that 
NI-07 significantly treated all cancer cell types tested either comparably or more effectively than Taxol™ or cisplatin. 
Furthermore, its water solubility coupled with its lack of cytotoxicity makes NI-07 a strong candidate for development as 
a new anticancer drug.  

2 Methods 

2.1 Cell lines and culture conditions 
All cell lines were purchased from American Type Cell Collection (ATCC) within the last 6 months and cultured under 
humid conditions at 37°C in 5% CO2 following ATCC instructions. Tumor cells tested were as follows:  

Pancreatic cancer, AsPc-1 [16] (ATCC#CRL-1682); non-small cell lung cancer, NCI-H1299 [17] (ATCC#CRL-5803); 
prostate cancer, PC-3 [18] (ATCC#CRL-1435); thyroid cancer, TT [19] (ATCC#CRL-1803); osteosarcoma, Saos-2 [20] 

(ATCC#HTB-85); melanoma, WM-266-4 [21] (ATCC# CRL-1676); rat glioma, C6 [22] (ATCC#CCL-107). The cells tested 
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were chosen because they included four major solid cancer types: Carcinoma (pancreatic, lung, prostate), sarcoma 
(osteosarcoma), brain (glioma) and melanoma. 

2.2 Cell treatments 
NI-07 formulations of 1X were supplied by Yusahng LLC, dried by speed vacuum (Thermo, USA) and resuspended with 
sterile water to 100X. The molecular weight of NI-07 dihydrate is 191.19 g/mole. The liquid concentrate was added to the 
media formulations at the time of treatment to a final concentration of 20X. The 20X dosage equals a concentration of 36.6 
mM. Titration experiments (data not shown) determined this to be the approximate lowest lethal concentration to kill 
~50% of the cells (LC50) over the treatment period of 7 days. NI-07 test cells were continuously exposed for 7 days [23]. 
Medium alone (Taxol™ and Untreated) or Medium with NI-07 was refreshed on day 3. At 7 d, treatment medium was 
replaced with fresh, untreated medium for the second week. Concurrently, Taxol™ at concentrations of 2.2e-7 M were 
added for 24 h to parallel cultures of cells as previously described [24] as a positive control for cytotoxicity and cell damage. 
Medium alone was used as the negative control. Cells were collected in tandem. Time points analyzed were 0 h, 24 h, 48 h, 
4 d, and 7 d for both weeks. Week 1 was designated LC50 and week 2, Recovery. Results were obtained from three 
separate experiments consisting of three biological replicates per experiment unless indicated otherwise.  

2.3 Cell counts 
Cells were plated into 48-well CellBind plates (Corning, USA) at densities of 20,000 cells – 40,000 cells. Plating density 

was optimized based on cell cycle turnover rates. Twenty-four to 48 h after plating, cells were treated with NI-07 or 
Taxol™. Cells were harvested using Trypsin-EDTA (Invitrogen, USA) at the designated time points. Total cells for each 
well were counted using a ViCell (Beckman Coulter, USA), which also determines cell viability by Trypan Blue 
exclusion. Therefore, both cell numbers and percentage of viable cells within the wells was obtained. LC50 curves were 
generated in the first week. Recovery curves were generated by continued culturing of Taxol™ or NI-07-treated cells for a 
second week. At 7 d LC50 = 0 h Recovery. Thus at 0 h Recovery, medium was exchanged with untreated medium for the 
remainder of the experiment and refreshed again at 3 d Recovery. Cells were collected at 0 h, 24 h, 48 h, 4 d and 7 d. 
Analysis of untreated controls was not done in Recovery due to over confluence and loss of viability by the end of week 1. 

2.4 XTT cell viability assays 
The XTT assay is a widely accepted analysis technique for viability / cytotoxicity of anti-cancer drugs or other 
pharmaceutical compounds. The nonradioactive Roche Cell Proliferation Kit II (XTT) utilizes a spectrophotometer for 
quantification of cell proliferation and viability based on cleavage of the tetrazolium salt XTT in the presence of an 
electron-coupling reagent. Only viable cells can produce the soluble formazan salt, primarily related to glycolytic 
NAD(P)H production. Therefore, the amount of formazan dye formed directly correlated to the number of metabolically 
active cells in the culture.  

Cells were seeded in a 96-well tissue culture plate at a density of 5,000 cells/well. At each time point, cells were incubated 
with the XTT labeling mixture for approximately 10-12 hours. After this incubation period, the formazan dye formed was 
quantitated using a Spectramax Plus ELISA reader, (Molecular Devices). The optimal wavelength used in our experiments 
was 500λ. Values were generated using the software package, SoftMax Pro 4.8. Following manufacturer’s instructions, 
cell viability was calculated separately for NI-07 and Taxol™ as follows: [Treated (NI-07 or Taxol™) - blank / control 
(Untreated)] × 100%. Cellular Cytotoxicity was calculated following the manufacturer’s instructions as follows: 
([Absorbance value of control (Untreated cells) - (Treated (NI-07 or Taxol™) - blank (XTT in medium only)] / control) × 
100%. Viability and Cytotoxicity during Recovery was calculated the same way. However, because untreated cells were 
not used during Recovery, the initial values generated during LC50 for the untreated (control) cells were repeated in the 
Recovery phase calculations. 
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2.5 Microscopy 
Images were generated using an Olympus I ×70 inverted microscope under phase contrast conditions with a Lambda 10-2 
shutter controller (Sutter Instruments Inc.) and a Hamamatsu Orca - ER highspeed camera. Objectives used were Olympus 
UPlan/FL 4X (yielding low magnification 40X images) and an Olympus LCPlan/FL 20x Ph1 objective (yielding higher 
magnification 200X images). Software used for image acquisition was SimplePCI v. 6. Images were captured at 300 DPI 
or greater using RGB color, 8 bits/channel settings. 

2.6 Statistical analysis 
To determine the effects of NI-07 on the cancer cells, an initial Two-way ANOVA was performed. If the results were 
significant at ≤0.05, One-way ANOVA (including Tukey’s HSD) was performed. The p value for significance was set at 
≤0.05 for the ANOVA. In addition, Cohen’s d test for effect size was also performed to measure the strength of the 
relationship between the means for NI-07-treated and Untreated cells during LC50 and NI-07 and Taxol™ - treated cells 
during recovery. Even with a significant p value result, the degree of difference of the effect might not be appreciated. 
Cohen’s d allowed a relative statistical assessment of whether NI-07 dramatically diverged from Untreated, outperformed 
Taxol™ during Recovery or simply performed comparably. For the purposes of this study, based on the nature of the 
samples, Cohen’s d values over 2.0 were considered to have a significant size effect relative to the cell numbers tested. 
Negative values indicated that the direction of the effect size favored NI-07. Positive values indicated that the direction of 
the effect size favored untreated or Taxol™. 

2.7 In vivo analysis 
To determine the effects of NI-07 in vivo, the human melanoma cell line WM-266-4 [21] was selected for assessment in a 
BALB/c nude mouse model. Melanoma is the least common, but most aggressive skin cancer, causing over 75% of skin 
cancer-related deaths [25]. Additionally, it is highly metastatic [25]. Therefore, the question of whether NI-07 could 
significantly reduce primary or secondary melanoma size and/or growth in the mouse model was addressed.  

One hundred thousand melanoma cells were suspended in phosphate buffered saline (PBS) and mixed with Matrigel (BD 
Biosciences) in a weight ratio of 1:1 to obtain the mixture solution containing WM-266-4 cells. Fourteen 5-week-old 
female nude mice (BALB/c nu/nu) were each inoculated with 80 μl of cell-matrigel mixture in the right flank. Mice were 
monitored until the mean value of tumor burden became 1000 based on the formula: Tumor burden = π/6 × 0.5 × length × 
(width)2. Five mice served as the positive treatment control group. Cisplatin was used as the positive treatment control due 
to its common use as a cocktail component in treating melanoma [27]. Cisplatin concentration was 0.0025mg/g, determined 
by calculating the weight of compound / body weight of mouse. The cisplatin was prepared by diluting a 10mg/20ml stock 
with PBS. Mice were administered the cisplatin once daily throughout the experimental period, in a volume equating to 
1% of their total body weight in order to deliver 0.05mg/mouse via intraperitoneal injection (IP). Four mice were treated as 
the NI-07 test group. NI-07 was administered at 0.0035mg/g (weight of compound / body weight of mouse) twice a day 
during treatment by gavage. PBS was administered as the negative control by gavage to 5 mice, following the same 
treatment parameters as NI-07 administration. Mice were anesthetized using isofluorane for treatment administration 
(twice daily, 12 h schedule) and to measure tumor size and body weight every 2 days. Mice were observed daily for signs 
of morbidity. Based on overall tumor burden of the untreated group, upon termination of the experimental time period, 
mice were euthanized, the tumors resected, weighed and measured, and the body weight of the mice was recorded. All in 
vivo experiments and animal handling conformed to the Republic of Korea national guidelines concerning Humane Care 
and Use of Laboratory Animals. 

3 Results and discussion 
Previously, we described the physical and chemical characteristics of the natural product compound NeoImmune®-07 
(NI-07) [23]. This 100% water-soluble compound is a mixture of several molecules implicated as having potential 
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anticancer effects along with the novel reactive NI species. These compounds included 2-methyl-butyric acid, alanine, 
chlorogenic acid, sinigrin, and valine in addition to the active NI ingredient, which was confirmed to be 191.2 g/mol, 
existing in a dihydrate form, C8H13NO2·2H2O [23]. The focus of that study was to determine the effectiveness of NI-07 on 
breast cancer cells and the potential cytotoxic effects to normal cells.  Results showed that NI-07 effectively killed 5 out of 
5 breast cancer cell lines tested, while showing no cytotoxic effects on normal epithelial cells or normal fibroblast cells. In 
this study we sought to determine how effective NI-07 was in its anticancer activity over a broad range of cancer types. To 
that end, in vitro studies were performed in 6 cancer cell lines derived from carcinomas, a sarcoma and a glioma. 
Furthermore, the effectiveness of NI-07 was tested in vivo against a melanoma xenograft model. For all cancers discussed, 
statistical data is for 2010 estimates. 

In vitro results 
Carcinomas are solid tumors derived from an ectodermal or endodermal origin [26]. Carcinomas are the most numerous 
cancer type making up approximately 85% of all cancers [26]. In this study, the non-small cell lung carcinoma cell line 
H1299 was used. Estimates for lung cancer diagnoses were 222,520, with over 157,300 cases terminal. Lung cancer is a 
considered a disease of aging, associated with smoking. The median age at death for lung cancer is 72 years of age [25], with 
increasing mortality corresponding to each decade after age 35. The overall 5-year relative survival was only 15.8%. 
Lifestyle is a major component of risk of occurrence. Current standards of treatment for lung cancer involve combinations 
of two or more agents. Examples of treatment combinations include Taxol™ and carboplatin, cisplatin and vinorelbine 
tartare, etoposide and cisplatin [28]. Each chemotherapy targets a specific cellular mechanism (for review introduction 
section) and all have devastating side effects to the patient [28]. Thus, there is still a critical need to find new drugs that will 
effectively treat the cancer without harming the normal cells and tissues. 

Figure 1 represents the results from treatment with NI-07. Growth curves for LC50 and Recovery are shown in Figures 1A, 
1B respectively. Results in Figure 1A indicate that the effects of NI-07 are attenuated until 48 h in comparison to Taxol™ 
and cell death in comparison to untreated increases dramatically. Figure 1C summarizes the One-way ANOVA results at 
each time point. During LC50, the level of significance between untreated and NI-07-treated is greatest at 4 d and 7 d. 
These levels are also reflected in the massive effect size determined for those time points. The potential resistance of the 
cells to NI-07 was analyzed in week 2 (Figure 1B). Results show that while Taxol™ appeared to be more effective at 
killing the H1299 cells, by 7 d, there were no significant differences in cell death. The resulting effect size is also 
unremarkable. However, unlike Taxol™, NI-07 is nontoxic to normal cells [15]. Therefore, therapy strategies could be 
adjusted in terms of concentrations and /or treatment regimes. Figure 1D consists of representative photomicrographs that 
demonstrate the dissimilar death morphologies between NI-07 and Taxol™. NI-07 appears to impact the cytoplasmic 
constituents and morphology more than the nuclear material, in direct contrast to Taxol™ (arrows). 

Adenocarcinomas are epithelial cancer originating in glandular tissue. Epithelial tissue is derived embryologically from 
any of the three primary germ layers [26]. These tumor types are characterized by having secretory properties. 
Adenocarcinomas not only cause the classic problems associated with malignancy, they also can introduce the 
confounding effect of wreaking physiologic havoc by disrupting the homeostatic endocrine balance. For this study, three 
different adenocarcinoma cell lines were used: AsPc-1 derived from ascites fluid from a pancreatic metastasis, PC-3 
derived from a prostate cancer bone metastasis and TT derived from a medullary tumor of the thyroid. 

Pancreatic cancer is difficult to treat due to the fact that these cancers are generally detected at advanced stages of 
malignancy. In 2010, an estimated 43,140 men and women were diagnosed with pancreatic cancer and ≥94% will die of 
the disease before the 5-year relative survival rate is reached. Currently, the drugs most commonly used for pancreatic 
cancer are 5-fluorouracil, capectabine and gemcitabine. Treatment with these drugs leads to debilitating side effects [25] 

coupled with the loss of pancreatic function, which regulates key enzymes and hormones, and the potential for metastasis 
make the prognosis poor [25]. The lifetime risk for developing pancreatic cancer is 1 in 71 with a median age at onset of 73 
years of age. After age 45, mortality rates increase significantly each decade from 8.3% for patients ages 45-54, up to 
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Melanoma develops from disrupted melanocytes, the pigment producing cells of the epidermis. Although the least 
common of the skin cancers, melanoma is the most lethal, causing  ~75% of skin cancer-associated mortalities [25]. 
Lifetime risk of developing melanoma is 1 in 52. Due to the ubiquitous nature of melanocytes and the subdermal location 
adjacent to blood vessels, if not diagnosed early, melanoma more readily metastasizes than other solid tumors. The 
treatment includes surgical removal of the tumor, adjuvant therapy, Chemotherapy, immunotherapy, and/or radiation 
therapy. Early diagnosis plays a key role in prognosis of recovery and risk of recurrence. It is estimated that 68,130 men 
and women will be diagnosed with melanoma. The median age at diagnosis is 60 and the median age at death due to 
melanoma is 68. The overall 5-year relative survival for melanoma is estimated at ~91%. However, there is an 
ethnicity-based difference in survivorship. Five-year relative survival for Caucasians is ~90%, whereas African 
Americans drop to ~75%, primarily due to the difficulty in detecting the discolored lesion against the darker  
pigmentation [25]. 

In order to determine whether NI-07 would be effective against melanoma, we employed a Cancer-Mouse Melanoma 
Model. The mouse model system is widely accepted as a fundamental in vivo, mammalian testing system for human 
disease [33]. By utilizing a live animal study, any confounding or synergistic effects or hormone signaling and metabolism 
may be observed. In addition, potential side effects as well as bio-activation and the ability of the body to clear the drug or 
its derivatives can also be measured.  

The results from the in vivo study are presented in Figure 7. From the graph, it can be observed that NI-07 significantly 
slowed the tumor growth in comparison to untreated and cisplatin-treated mice. These significant differences from 
untreated were not observed until five days after treatments commenced. Significant differences from untreated in the 
cisplatin-treated mice were not observed until 9 days after initial treatment (almost twice as long). The One-way ANOVA 
for NI-07 compared to both untreated and cisplatin-treated mice showed significance to 0.007. When NI-07 was compared 
to untreated mice, the divergence was more significant to 0.0004. NI-07 in comparison to cisplatin, one of the main drugs 
used against melanoma, was also significant at 0.035. Empirical observations of mice daily activity levels indicated no 
evident side effects from NI-07 administration. Activity levels, feeding, social behaviors were highest in the NI-07-treated 
mice versus the other groups. 

4 Conclusions 
Within the scope of this study, in vitro analysis of the candidate anti-cancer agent NI-07 was performed in six different 
cancer cell lines representing the major solid tumor types as well as tumors derived from cells representing the three 
primary germ cell layers. Taxol™ was used as positive control and untreated cells served as the negative control group. 
Our results showed that NI-07 demonstrated significant anticancer properties against all the cell lines tested. Significant 
effects were observed after 24 h in AsPc-1, PC-3 and TT cells, 48 h in H1299 and C6 cells and 7d in Saos-2 cells. 
Interestingly, the fastest response was observed in the adenocarcinomas, while the most attenuated response was observed 
in the osteosarcoma cells. From our previous work [34] and the work of others (for review see [35]), Taxol™ is known to 
induce apoptosis within the first 24 h. In addition, the morphological changes that occur as a result of Taxol™ exposure 
were observed [36], (i.e., microtubule polymerization, the formation of multiple micronuclei, plasma membrane blebbing, 
etc.). Morphological changes induced by NI-07 demonstrated features very disparate from Taxol™. 

We are currently investigating the mechanism(s) by which NI-07 kills cancer cells. Furthermore, and potentially more 
importantly, we are attempting to dissect the process that prevents cancer cell recovery even after removal of NI-07. Based 
on as yet unpublished data generated in our lab, as well as other studies [37-39], we hypothesize that paraptosis is the major 
mechanism of programmed cell death initiated by NI-07. Paraptosis is a caspase-independent programmed cell death, 
characterized by membrane bound organelle swelling, most notably the endoplasmic reticulum (ER) and the  
mitochondria [40-42]. This swelling and vacuolization has been shown to be involved with disruption of intracellular ion 
homeostasis resulting in a heat shock proteins response [43], among other inducers [44]. This speculation is based on the 
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morphological changes observed in this study and our prior study [15] as well as our unpublished XTT assay results. Studies 
show that XTT dye reduction occurs at the cell surface facilitated by trans-plasma membrane electron transport of which, 
mitochondrial oxidoreductases are major contributors [45]. Experiments to confirm these results are currently being 
performed. The long lasting effects of NI-07 may be due to the inability of the cell to reinstate intracellular ion homeostasis. 
Our previous studies on calcium fluctuations in paclitaxel-induced ER-associated apoptosis [24, 46, 47] and others [41, 44, 48, 49], 
make calcium a likely candidate for further investigation. 

A definitive test of the effectiveness is application to an in vivo model of cancer. In this study, we investigated the 
effectiveness of NI-07 against a human melanoma xenograft mouse model. Although NI-07 did not cause total remission 
of the cancer, there was a significant reduction in tumor burden and growth over the test period (p ≤ 0.004). Our previous 
study demonstrated that NI-07 has no cytotoxic effects to normal cells [23] and the mice treated with NI-07 were the most 
vigorous of the three treatments groups. Thus the possibility exists that NI-07 could be administered either at higher 
concentrations or for longer treatment periods or both with little side effects or reduction in the quality of life for the 
patient. Additionally, NI-07 may also be useful as an adjuvant therapy or used to preload the patient prior to administration 
of current chemotherapeutics, conferring a protective mechanism to the normal cells while targeting cancer cells 
destruction. Finally, our results indicate that NI-07 has potential to be developed as an effective anticancer agent for a very 
broad range of solid cancer types.  
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