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Epidemiological studies have shown that regular consumption of fruits and 

vegetables could reduce the risk of cancer. Phytochemicals in fruits and vegetables 

have been suggested to be responsible for their health benefits. Asparagus and one 

of its major phytochemical, Kaempferol, have been reported to have anti-cancer 

activities. However, the mechanisms of the anticancer activities are not completely 

understood.  

Seven varieties of asparagus were compared for their antioxidant content, 

antioxidant activities, and anticancer activities. The results showed that asparagus 

are rich in phenolic and flavonoids. They also show antioxidant activities in chemical 

assays and in vitro assays. Asparagus possesses potent anticancer abilities in 

inhibiting proliferation of HepG2 human liver cancer cells. Among the different 

varieties, Apollo has the highest phenolic content, flavonoid content, antioxidant 

activities, and anticancer activities. We further studied kaempferol’s effects in breast 

cancer cells growth and metastasis.  

The anti-proliferative activity and cytotoxicity of kaempferol against MCF-7 

human breast cancer cells were measured by the methylene blue assay. All the key 



 

 

proteins regulating cell proliferation through signaling transduction pathways were 

determined by Western blot assay. Kaempferol exhibited potent anti-proliferative 

activity against MCF-7 human breast cancer cells in a dose-dependent manner. No 

cytotoxicity was observed at the concentrations tested. Kaempferol significantly 

down-regulated expression of PCNA, CDK-4, Cyclin D1, and estrogen-receptor alpha, 

and up-regulated expression of p21, and p-p53 in MCF-7 human breast cancer cells 

in dose-dependent manners when compared to the control. Kaempferol specifically 

inhibited estradiol-induced cell proliferation in MCF-7 human breast cancer cells. 

Kaempferol also exhibited anti-proliferative activity against MDA-MB-231 

human breast cancer cells in a dose-dependent manner. No cytotoxicity was 

observed at concentrations below 100 µM in MDA-MB-231 cells. Kaempferol 

significantly inhibited MDA-MB-231 human breast cancer cell migration observed by 

scratch assay. The activity of MMP-2, a critical enzyme for cancer cell metastasis, 

was assessed by zymography assay, and it was dramatically inhibited in a 

dose-dependent manner. Cell transformations studied by soft agar assay were also 

inhibited by kaempferol in a dose-dependent manner.  

In conclusion, we demonstrated that asparagus and kaempferol exhibited 

anticancer activities through effects on antioxidant activity, cancer cell proliferation, 

migration and metastasis. These data are important in understanding the protective 

effects of fruits and vegetables in the prevention of breast cancer.  
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Chapter one Introduction 

1.1 Fruits and vegetables in cancer prevention 

1.1.1 Cancer background and statistics 

Cancer is a prevailing disease worldwide; about one fourth of all deaths are 

due to cancer. According to American Cancer Society’s statistical data, a total of 

1,665,540 new cancer cases and 585,720 cancer deaths are estimated to occur in 

the United States in 2014(1). Globally, around 12.7 million cancer cases and 7.6 

million cancer deaths are estimated in 2008(2). Many researchers have worked on 

cancer for many decades. The results are promising; modern cancer treatments show 

great progress. From 2006 to 2010, cancer death rates in the US declined by 1.8% 

per year in men and by 1.4% per year in women. In last two decades, the total cancer 

death rate decreased from 215.1 per 10,000 people in 1991 to 171.8 per 10,000 

people in 2010. During this period, approximately 1,340,400 cancer deaths have 

been avoided due to this 20% decline in the US(1). However, challenges still exist. 

First, current cancer treatments damage healthy cells, when they destroy cancer cells; 

this will compromise the normal human body system； second, because the cancer 

cells easily develop drug resistance, some effective cancer treatments may become 

useless over time. Third, the cancer reoccurrence is common; helping patients to 

avoid reoccurrence is important (3). Considering all the challenges, an alternative 

treatment is urgently needed. This treatment should present the following 

characteristics: i) nontoxic, ii) efficient to treat cancer by itself or assist the current 
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treatment by improving the effects or lowering the side effects, and iii) can be used by 

people over long term to avoid cancer reoccurrence.  

1.1.2 Consumption of fruits and vegetables for cancer prevention: epidemiology evidence 

Vegetables, fruits and whole grains (VFG) have all the above hallmarks. 

Researchers have found that VFG consumption is inversely associated with certain 

cancer risks. Studies of commonly consumed vegetables and fruits showed that their 

extracts can inhibit HepG2 human liver-cancer cells proliferation (4, 5). A 

multivariable Cox proportional hazard models study in Europe found that by 

increasing the fruits and vegetables consumption by 100 g per day, lung cancer risk 

was significantly reduced(6). A case control study in Uruguay showed that higher 

consumption of both fruits and vegetables can decrease the risk of esophagus cancer, 

lung cancer, breast cancer and prostate cancer,  and at all sites combined(7). In a 

cohort study which followed 71058 women for 16 years in the United States, risk for 

estrogen receptor (ER) negative breast cancer was significantly decreased in 

association with increased consumptions of fruits  (RR = 0.88; 95% CI = 0.80–0.97) 

and vegetables (RR = 0.94; 95% CI = 0.88–0.99) (8). Another cohort study in Italy 

studied 8984 women for 9.5 years; the results showed that risk for breast cancer was 

significantly decreased in association with increased consumptions of salads and 

vegetables (RR = 0.66; 95% CI=0.47–0.94) (9). A case control study in Cyprus also 

found that risk for breast cancer was significantly decreased in association with 

increased intake of vegetables and salads (OR = 0.74, 95% CI: 0.57-0.96) (10). 
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Whole grain is also significantly associated with lower invasive colorectal cancer risks 

in a prospective National Institutes of Health-AARP diet and Health study (11). The 

phytochemicals in VFG are believed to play a very important role in these beneficial 

activities. 

1.2 Phytochemicals for cancer prevention 

1.2.1 Phytochemicals 

Phytochemicals are defined as bioactive nonnutrient plant compounds in fruits, 

vegetables, grains, and other plant foods that have been linked to reducing the risk of 

major chronic diseases (12). Phytochemicals can be generally categorized as 

carotenoids, phenolic, alkaloids, nitrogen-containing compounds, and organosulfur 

compounds. And there are many other phytochemicals under each category (Figure 1) 

(12). Since phytochemicals are widely distributed in plants, each day people generally 

intake fair amounts of the phytochemicals from vegetables and fruits.  
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FIGURE 1 CLASSIFICATION OF DIETARY PHYTOCHEMICALS 

 

Figure 1. Classification of Dietary Phytochemicals (Adapted from Liu 2004) 

1.2.2 Intake in the US, bioavailability and absorption  

Some of the results for digestion, absorption, and kinetics of phytochemical 

bioavailability are briefly introduced here. During digestion, flavonols and 

proanthocyanidins do not change much. Quercetin is easily degraded; it is not stable 

at low pH during gastric and pancreatic digestions, while it is stable at pH 2 and pH 

5.5. At pH 1-7 trans-resveratrol is stable; there are not much change in caffeic acid, 

catechin, rutin, chlorogenic acid, and coumaric acids during digestion (13, 14). For 
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absorption, phenolics are mainly absorbed in the small intestine and only some in 

large intestine. 95% of caffeic acid was found absorbed in the small intestine and 

stomach; less than 20% catechin and epicatechin were absorbed (13).  Flavonoids 

normally are absorbed poorly in the small intestine.  Because their molecule weight 

is large, they cannot be transported through passive diffusion pathways. Also, since 

the efflux transporters recognize the flavonoid better than influx transporters do, they 

are expelled more (15).  After digestion and absorption, phytochemicals will go 

through different changes and elimination. Based on some phytochemical kinetics 

studies, quercetin is absorbed very fast after ingestion, and no interactions are found 

between quercetin and other food (16). After ingestion, lignan is easily absorbed into 

plasma; at least 40% of ingested lignan can be metabolized and found in plasma (17). 

Phytosterol has very low bioavailability after ingestion; only 0.6%-7.5% can be 

transported through gut epithelia cells (17). Normally the bioavailability of carotenoids 

is low in human body, and there are many factors affecting it, such as processing and 

matrix composition. Studies show that heat processing and homogenization has a 

positive effect on it, while dietary fiber will lower the bioavailability. In addition, at least 

some fat is needed to help the absorption of the carotenoids (18, 19). Caffeine is 

transported into the gut primarily by passive diffusion, and it is directly transported 

without form change (20). Generally, proanthocyanidins, galloylated tea catechins, 

and anthocyanins are the least absorbed phenolics (13, 14).  

1.2.3 Different phytochemicals for cancer prevention 
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Phytochemicals have been found to possess various anticancer activities in in vitro 

and in vivo studies. The following is a summary of research about the effects of some 

phytochemicals on cancer, especially breast cancer.  

1.2.3.1 Carotenoids  

 Carotenoids are primarily found in cruciferous, yellow-green vegetables and 

various fruits. They are natural pigments (21) . The major carotenoids that have been 

studied for health benefits include α-carotene, β-carotene, and lycopene.  

 In Nesaretnam’s study, β-carotene was found to inhibit proliferation of ER 

positive MCF-7 human breast cancer cells but not ER negative MDA-MB-231 human 

breast cancer cells. However, they also found that β-carotene did not affect the level 

of pS2 mRNA which is an estrogen-regulated gene and serves as a marker for the 

Estrogen-positive tumors. Β-carotene did not directly affect the breast cancer cells 

through estrogen-regulated pathway. One possible explanation is that β-carotene 

diffuses through the cell membrane and acts on the nuclear receptor, and then 

activates growth factors (21). Later Nesaretnam’s team did another in vivo study to 

test the effect of β-carotene on MCF-7 human breast cancer cells. 48 nude mice were 

injected with β-carotene at 4 weeks of age, and then they were compared with the 

control groups which were not injected with β-carotene.  The results showed that the 

carcinogenesis rate in experimental group was significantly lower than the control 

group, and the cancer metastasis rate was also lower. In addition they found that the 

level of natural killer cells and B-lymphocytes significantly increased in experiment 
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groups. , This may be the reason why β-carotene can inhibit the MCF-7 human breast 

cancer cells growth in nude mice (22).  

      Many epidemiology studies have also been conducted on the effect of 

β-carotene on breast cancer. A recently finished cohort study by Nagel’s team in 

Europe showed that β-carotene intake can decrease breast cancer risk in women 

who are postmenopausal and using exogenous hormones(23). However, most of the 

studies found no significant correlation between β-carotene intake and breast cancer 

rate (24, 25).  

       Lycopene has also drawn much attention from researchers because of its 

inhibitory ability on breast cancer. In an epidemiology study Zhang et al. found that 

Lycopene has potential to decrease breast cancer risk (26). Karas et al. also found 

that lycopene can inhibit the MCF-7 human breast cancer cell growth by intervening 

with the IGF1 and G1 cell cycle (27, 28). Voskuil et al. did a cross trial, double blinded 

study; they found serum IGF1 level in experimental group with lycopene was 

significantly decreased in healthy women with high breast cancer risk but not in the 

cancer survivor women, which indicates that lycopene can benefit the high breast 

cancer risk in a healthy population. Di et al. found that lycopene can lower skin toxicity 

in breast cancer patients when they get external beam radiotherapy less than 500 ml 

PTV (29). However, some epidemiology studies are controversial; in Sesso et al.’s 

prospective cohort study, they found no correlation between breast cancer risk and 

plasma lycopene (30).  
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1.2.3.2 Phenolic acids 

        Phenolic acids are a class of compounds containing a phenolic ring and an 

organic carboxylic acid function. They are found in many plants. Phenolic acids 

primarily include Hydroxybenzoic acids and Hydroxycinnamic acids (Figure 1). 

        Hydroxybenzoic acids have been studied most. They include gallic acid and 

protocatechuic acid. Gallic acid is a natural 3,4,5-trihydroxybenzoic acid;  it is found 

in gallnuts, tea leaves, oak bark and other plants. Gallic acid is shown to have 

relatively similar absorption in drinking tea as from swallowing tablets(31). In a recent 

study, Hsu et al. found gallic acid can inhibit MCF-7 human breast cancer cells growth 

as a dose-dependent trend. The mechanism is that gallic acid can induce G2/M 

phase cell cycle arrest (32). In addition, Garcia-Rivera et al. proved that gallic acid 

possesses the ability to inhibit MDA-MB-231 human breast cancer cells. They found 

that gallic acid inhibits the growth of MDA-MB-231 human breast cancer cells by 

suppressing the NF-κ B activation (33). Yin et al also found protocatechuic acid has 

the ability to inhibit the growth of MCF-7 human breast cancer cells. It can increase 

caspas-3 activity and suppress vascular endothelial growth factor (VEGF) production 

(34).  

       Hydroxycinnamic acids are polyphenols with the structure of C6-C3 skeleton. 

They can be found in almost all the plants. Caffeic acid and ferulic acid are the major 

phytochemicals in this category (Figure 1.). Ferulic acid is the most abundant 

phenolic; studies showed that 11-25% of free ferulic acid in food can be absorbed by 
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humans (35). Additionally, the free form of ferulic acid has higher bioavailability than 

bound forms (36). Of all hydroxycinnamic acids, caffeic acid and ferulic acid 

derivatives have been found to inhibit breast cancer growth. It is very interesting that 

caffeic acid and ferulic acid themselves cannot inhibit breast cancer growth, but their 

derivatives have antiproliferative effects on MCF-7 human breast cancer cells. 

Serafim et al. also found that this new lipophilic derivatives can inhibit cell proliferation 

and induce cell cycle in MCF-7 human breast cancer cells (37). Watabe et al also 

found that caffeic acid phenethyl ester (CAPE) can induce apoptosis in MCF-7 human 

breast cancer cells. The effect is through inhibiting NF-kB and activating fas signaling 

pathway (38). Wu et al also found CAPE derived from honeybees can inhibit MCF-7 

and MDA-MB-231 human breast cancer cell growth in vitro and vivo without affecting 

normal cells. CAPE can also decrease VEGF formation by MDA-231 cells, which 

indicates it has the potential to inhibit angiogenesis and metastasis of breast cancer 

cells(39).  

1.2.3.3 Flavonoids 

        Flavonoids generally exist in photosynthetic plants. Many studies have 

shown that flavonoids can lower the risk of chronic diseases. Flavonoids are 

characterized by a structure that has two rings linked by 3 carbons that are usually in 

oxygenated heterocycle ring. They can be categorized as flavonols, flavones, 

catechins, flavanones, anthocyanidins and isoflavonoids. They have been found to 

possess the ability to inhibit breast cancer growth (12).  
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1.2.3.3.1 Flavonols  

        Quercetin is ubiquitously contained in plants in nature; many studies have 

identified quercetin’s anti-breast cancer ability through different mechanisms. 

Quercetin from different foods showed different bioavailability in humans. Studies 

found that bounding with glucose increases quercetin absorption by humans (40). 

Duo et al. found that quercetin can inhibit MCF-7 human breast cancer cells growth 

and it induces apoptosis through down-regulating Bcl-2 protein expression and 

up-regulating Bax expression (16, 41). Chou et al. and Chien et al. obtained these 

results when MCF-7 human breast cancer cells were exposed to quercetin; there is 

apoptosis in a majority of the cells. The possible signaling pathway involved is 

through directly activating the caspase cascade through the mitochondrial pathway 

(42, 43). Avila et al found that quercetin causes cell cycle to arrest through 

down-regulating the mutant p53 protein in MDA-MB-468 human breast cancer cells 

(44). In addition, Oh et al. found that quercetin can inhibit angiogenesis in 

tamoxifen-resistant breast cancer cells. Quercetin can inhibit the level of VEGF 

protein by suppressing the activities of hypoxia inducible factor-1α and AP-1(45). 

Scambia et al. also found that quercetin can increase the type-II estrogen-binding site 

protein level in MCF-7 and MDA-MB-231 human breast cancer cells (46).  

       Kaempferol can be isolated from tea, broccoli, grapefruit, and other plants. It 

is one of the most commonly found dietary phytoestrogens. Oh et al found that 

kaempferol can inhibit MCF-7 human breast cancer cell growth via ER-dependent 
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pathway; it can either increase or decrease the estrogen activity to maintain a 

balanced estrogen level (47).  Furthermore, Kaempferol can also inhibit the 

proliferation and induce apoptosis in MCF-7 human breast cancer cells, Diantini et al. 

and MacPherson et al. found that kaempferol induces apoptosis through ERK 

activation and caspase cascade pathway activation (48, 49).  

       Myricetin is naturally found in many grapes, berries, walnuts, and other plants. 

Myricetin has been suggested to regulate estrogen-like activity in breast cancer cells.  

Thus, it can work as a potential factor in breast tumor growth inhibition. Maggiolini et 

al. found that myricetin can transactivate endogenous ER α and inhibit proliferation in 

MCF-7 human breast cancer cells (50).   

1.2.3.3.2 Flavones 

       Natural flavones are normally found in parsley, celery, and citrus peels. Of all 

the natural flavones, apigenin and luteolin have been found to possess the potential 

of inhibiting breast cancer (Figure 1).  

       Apigenin is generally found in many fruits and vegetables, including oranges, 

parsley, onions, wheat sprouts, and tea. Luteolin is contained in celery, green pepper, 

thyme, perilla, chamomile tea, and carrots (51). Their bioavailability is higher in the 

diet than the pure compound in rats (52). Apigenin has been found to inhibit breast 

cancer cell growth by inducing apoptosis, causing cell arrest, inhibiting metastasis, 

and decreasing estrogen receptor(53). Seo et al. found that apigenin can inhibit 
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MCF-7 human breast cancer cells growth by inducing apoptosis. The effect is through 

inhibiting the p53 and NF-kappa B expression (54). Choi et al. also found that 

apigenin can induce SK-BR-3 breast cancer cells apoptosis through activating p53 

and BAX protein; it induced MDA-MB-453 human breast cancer cell apoptosis by the 

mitochondria/caspase-pathway (55, 56). Additionally, apigenin has been shown to 

inhibit t metastasis by blocking the VEGF mRNA and inhibiting HGF through blocking 

the PI3K/Akt pathway. Furthermore, by inhibiting both the estrogen-dependent and 

estrogen-independent signaling pathway, apigenin also can inhibit the growth of 

MCF-7 human breast cancer cells (57, 58). Luteolin also has been found to induce 

apoptosis of breast cancer cells by activating ERK and p38 protein expression (59).  

1.2.3.3.3 Catechins  

      Catechins are found principally in green tea. They can also be found in smaller 

amounts in grapes, black tea, chocolate and wine. One major catechin, EGCG, draws 

many people’s attention, because EGCG is absorbed very fast after people drink 

green tea and black tea. Interestingly, EGCG in hot tea has higher availability than 

that in iced tea (60, 61). EGCG has been found to possess great potential to lower 

breast cancer risk in many green tea studies (62, 63). Sen et al. found that EGCG can 

inhibit breast cancer cells metastasis by down-regulating Gelatinase-A and 

Gelatinase-B (MMP-2, MMP-9) (64, 65). Furthermore, Kim et al. found that inhibiting 

the Wnt signaling pathway is a potential mechanism of inhibiting breast cancer cells 
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growth by EGCG(66). Guo et al. also found EGCG can change the gene expression 

in nuclear and cytoplasmic fractions to inhibit breast cancer cells growth (67). 

1.2.3.3.4 Isoflavonoids 

      Isoflavonoids are contained in plants of the legume family; they are famous for 

their role as phytoestrogens. Studies have found that isoflavonoids can lower breast 

cancer risk(68). Especially genistein and daidzein have been proven to be very 

efficient. Because of their high efficiency, there has been more research on 

isoflavonoids than other phytochemicals in related breast cancer research.  

        Genistein has more bioavailability in food than in solid form, since genistein 

has low water solubility. Its bioavailability can be increased by adding a starch 

component (69). It has gotten many researchers' attention because its inhibition 

functions affect many different kinds of breast cancer. As a phytoestrogen, genistein 

can work similarly to estrogen or anti-estrogen to maintain the appropriate estrogen 

level in breast cancer. Thus it inhibits breast cancer growth. Marik et al. found 

genistein can inhibit MCF-7, 21PT and T47D breast cancer cell growth through this 

mechanism (70). In addition, genistein can induce cell cycle arrest and apoptosis in 

breast cancer cells. Park et al. found that genistein can induce G2/M arrest in T47D 

and MDA-MB231 cells (71). Li et al. also found the similar results; genistein induced 

cell apoptosis in MDA-MB-231 human breast cancer cells through inhibiting the 

mEK5/ERK5/NF- κB pathway (72, 73). Montales et al. found that genistein can 

suppress the stem-like/progenitor cells in MMTV-wnt-1 transgenic mice (74). In the 
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study by Ra et al., genistein suppressed breast cancer growth by inhibiting the 

expression of the fatty acid synthase (75). Farina et al. found that genistein inhibited 

the migration of breast cancer cells in F3ll mammary carcinoma mouse models (76). 

Furthermore, Privat et al. found that genistein can also inhibit the breast cancer 

SUM1315MO2 cells which carry the BRCA1 mutation (77). 

      Daidzein is another important isoflavnoid, and it is mainly found in soy 

products. Daidzein is poorly water soluble; thus it is better absorbed in diet form. 

Researchers found the self-microemulsifying drug delivery system, composed of oil, 

surfactant and cosurfactant, can enhance its bioavailability (78). Its breast cancer 

inhibitory effect also accounts for part of the reason why soy diets can lower breast 

cancer risk. Jin et al. found that daidzein can induce MCF-7 human breast cancer 

apoptosis through the mitochondrial pathway (79). Choi et al. also found that daidzein 

can cause MCF-7 cell cycle arrest at G1 and G2/M phase (80).  

1.2.3.4 Tannins 

       Tannins are a bitter plant polyphenolic compound; they are contained in many 

species of plants. Reported as anti-nutrients, tannins have been found to inhibit 

breast cancer growth. Bawadi et al. found that black bean concentrated tannins can 

inhibit MCF-7 human breast cancer growth; they can also inhibit the cancer migration 

by decreasing VEGF protein and MMP2/MMP9 levels (81).  

1.2.3.5 Nitrogen-containing compounds 
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       Nitrogen-containing compounds are a category of phytochemicals that 

contain nitrogen. The bisphosphonates in nitrogen-containing compounds are much 

studied for their anti-cancer activities. In a retrospective study, Park et al. found that 

nitrogen-containing bisphosphonate can increase the survival time of hormone 

receptor negative breast cancer patients with bone metastases (82). Merrell et al. 

supported these conclusions in their study. The results showed that the mechanism 

for this process is through inhibiting the mevalonate pathway and activating p38 MAP 

kinase (83).  

1.2.3.6 Organosulfur compounds  

     Organosulfur compounds are organic compounds that contain sulfur. Some 

dietary organosulfur compounds that possess anti breast cancer ability are 

isothiocyanates and indoels (Figure 1).  

     Organic isothiocyanates are dietary components often found in cruciferous 

vegetables. Tseng et al. found that benzyl isothiocyanate (BITC) and beta-phenethyl 

isothiocyanate (PETTC) were able to inhibit the growth of MCF-7 human breast 

cancer cells as chemotherapeutic agent daunomycin(84). Kang et al. studied the 

mechanism by which isothiocyanates prevent breast cancer. They found that BITC 

and PETTC can inhibit the mitogenic estrogen level in ER-positive breast cancer cells. 

In addition, indoles had also been found to inhibit the growth of breast cancer cells by 

suppressing the PI3 kinase-alpha pathway and mTOR pathway in MDA-MB-361 

human breast cancer cells (85).  
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1.2.4 Phytochemical synergy and whole foods benefits for cancer prevention 

      In addition to the individual phytochemical, many studies on 

phytochemical-phytochemical synergy, phytochemical-drug synergy, and whole 

foods synergy have been done. Most of them showed a better result than individual 

use, and it is more applicable to real life.  

      Many phytochemicals are effective individually, working in vitro but not in vivo. 

In the human body phytochemicals normally don’t appear in pure form; thus research 

on combinations of different phytochemicals is necessary to simulate the effects of 

natural foods. . Hsieh and Wu conducted research on the synergy effect of EGCG, 

resveratrol and gamma-tocotrienol. They found that when one phytochemical was 

added to another, there was a significant improved effect.  However when three 

were combined there was no improvement over two together (86). Sahin et al. also 

found that when treating DMBA induced female mice, the lycopene and genistein 

combination was more efficient than the individual one. Rats treated with DMBA for 

20-week periods developed mammary tumors with 100% tumor incidence. Lycopene 

inhibited breast cancer incidence to 70%, genistein inhibited to 60% and a 

combination of both inhibited to 40%. The study proved the synergistic protection of 

lycopene and genistein against the DMBA induced breast cancer in rat (87).  

      Regular chemoprevention treatment normally brings side effects, such as 

discomfort to the body or drug resistance. Treating the tumor with medicine and 

phytochemicals together has been found to improve the efficacy of the drug and 
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reduce the toxicity and damage to body. Scambia et al. conducted research on 

ADR-resistant MCF-7 human breast cancer cells; quercetin together with ADR 

decreased the level of p-glycoprotein, an indicator of malignancy of the ADR resistant 

MCF-cancer cells, compared to ADR alone (88). Akbas et al. found that quercetin can 

increase the antiproliferation effect of topotecan in MCF-7 human breast cancer cells 

by 1.4 fold and in MDA-MB-231 human breast cancer cells by 1.3 fold. Quercetin 

combined with topotecan also increased the ROS and nitrite levels in both cells 

compared to those treated with only topotecan (89). Ferenc et al. found that using 

genistein can significantly improve the result of photodynamic therapy with hypericin 

in MCF-7 and MDA-MB-231 human breast cancer cells. The apoptosis they induced 

is better targeted to the right cells; moreover, caspase-7, and PARP cleavage are 

both activated when genistein is added. All of these indicate adding genistein to 

photodynamic therapy with hypericin can improve the effects in reducing the 

proliferation and inducing the apoptosis in MCF-7 and MDA-MB-231 human breast 

cancer cells compared to hypericin alone (90). Wong and Chiu combined quercetin 

with vincristine to treat ER negative breast cancer. They found the molar ratio of 

quercetin to vincristine was best at 1:2 (91). Lattrich et al. also found that high-dose 

genistein (10 µmol/l) enhanced the inhibitory effect of trastuzumab in 

HER2-overexpressing, ER positive BT-474 breast cancer cells (92). Staedler et al 

studied the combination effect of quercetin and doxorubicin; they found that when 

highly invasive breast cancer cells were treated with quercentin and doxorubicin, 
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quercentin improved the inhibitory effect of doxorubicin in breast cancer cells, while it 

reduced the cytotoxic side effects in non-tumoral cells. The study showed that a 

quercetin and doxorubicin combination can be a good treatment for breast cancer 

(93).  

       Many recent studies concentrate on whole food extracts, which contain 

complex phytochemicals. Many in vitro studies found that the whole food extracts 

present strong inhibitory effects in breast cancer cells. Phadhan et al. reported that 

limonia acidissima linn extracts can inhibit SKBR3 and MDA-MB-435 breast cancer 

cell lines. It also induced the cell arrest in G2/M phase in MDA-MB-435 cells but not in 

the SKBR3 cells (94). Plastina et al. found that Ziziphus jujuba fruit extracts 

suppressed the proliferation of MCF-7 and SKBP3 breast cancer cells, but there was 

no effect for apoptosis (95). Dikmen et al. reported that Punica granatum L. Fruit Peel 

extract inhibited the MCF-7 human breast cancer cell proliferation as a 

dose-dependent manner; it also induced apoptosis as the concentration increased 

(96). In vivo studies it has also been done on the prevention effects of whole foods in 

breast cancer.  Dai et al. found that graviola fruit extract significantly reduced the key 

protein markers EGFR, p-EGFR, and p-ERK expression in MDA 468 tumors in a 

5-week mice feeding study (97). Wang et al. also found litchi fruit pericarp extract 

exhibited anti-breast cancer potential in breast cancer nude mice following 10 weeks 

feed. Litchi fruit pericarp showed a dose and time dependent suppression effect on 
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the cell growth, and it significantly reduced colony formation and bromodeoxyuridine 

incorporation of breast cancer cells in mice (98).  

      Furthermore, there are many epidemiology studies on the whole foods’ anti 

breast cancer effect; however, the results are contradictory. An Italian retrospective 

study found that consuming vegetables, especially leafy and fruiting vegetables, can 

significantly lower the risk of breast cancer, while overall fruit consumption was not 

associated with breast cancer prevention (99). In a 12 year study with 51,928 black 

women, the author found no correlation between total fruits and vegetables 

consumption and breast cancer risk. However, consuming vegetables was 

associated with lowering risk of ER negative breast cancer. In addition, eating 

cruciferous vegetables and carrots can also significantly decrease breast cancer risk 

(100). In a whole grain large prospective cohort study (101), no association between 

a whole grain diet and breast cancer risk was found. Similar results were also found in 

several other studies (102-104).  

1.3 Asparagus and its health benefits 

1.3.1 General introduction 

Asparagus, scientific name Asparagus officinalis, is a perennial vegetable that 

flowers in the spring. People have normally cultivate it as a vegetable crop. It is a very 

important economic crop grown in many temperate places all over the world (105). 

The earliest cultivated asparagus was found in Egypt as early as 3000 B.C., and later 
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it was also found in European cultures, including early Greek and Roman cultures. 

Today China is the largest commercial producer with 587,500 tons per year; Peru is 

second with 186,000 tons produced per year. They are currently the world's largest 

producers and exporters of asparagus. Next in line commercial production are the 

United States (102,780 tons) and Mexico (67,247 tons). (106)  

1.3.2 Asparagus nutrition composition and phytochemicals 

Asparagus is one of the most nutritious vegetables (107). It is low in calories 

and sodium. 100 g of fresh asparagus spears provide just 20 calories and 5 mg 

sodium. Besides, asparagus contains high amounts of folic acid. 100 g of spears 

provide about 54 µg or 14% of RDA of folic acid. Folic acid is necessary for blood cell 

formation, growth, and prevention of neural tube defects (108). Asparagus also 

contains fair amounts of fiber; 100 g of fresh spears provide 2.1 g of fiber, which has 

been shown to lower the colon cancer risk (109). Asparagus also has a rich 

B-complex group of vitamins such as thiamin, riboflavin, niacin, vitamin B-6 

(pyridoxine), and pantothenic acid. These vitamins are essential for optimum cellular 

enzymatic and metabolic functions. Asparagus is also a good source of vitamin K; it 

provides about 35% of DRI. Vitamin K has a potential role in bone health, promoting 

osteotrophic (bone formation) activity. Adequate vitamin-K levels in the diet help to 

limit neuronal damage in the brain; thus, asparagus has an established role in the 

treatment of patients suffering from Alzheimer’s disease (110). Asparagus has 

moderate amounts of copper, iron, and small amounts of other essential minerals and 



21 

 

electrolytes such as calcium, potassium, manganese, and phosphorus. Potassium is 

an important component of cell and body fluids that helps control heart rate and blood 

pressure by countering effects of sodium. Manganese is used as a co-factor for the 

antioxidant enzyme, superoxide dismutase. Copper is required in the production of 

red blood cells. Iron is required for cellular respiration and red blood cell formation 

(111). One more benefit of asparagus: it contains high levels of the amino acid 

asparagine, which serves as a natural diuretic, and increased urination not only 

releases fluid but helps rid the body of excess salts. This is especially beneficial for 

people who suffer from edema (an accumulation of fluids in the body's tissues) and 

those who have high blood pressure or other heart-related diseases (112).  

Asparagus has been found to possess various health benefits, such as 

neuroprotective, antioxidant, hypolipidaemic, hypoglycaemic, hepatoprotective, and 

anti-tumorigenic activities in vitro or vivo in one study, an asparagus-containing diet 

was used to feed spontaneously hypertensive rats to test whether it can prevent 

hypertension. The results showed that the 5% fresh green asparagus diet significantly 

lowered the systolic blood pressure level compared with the control (159 ± 4.8 mmHg 

vs 192 ± 14.7 mmHg); asparagus inhibited angiotensin-converting enzyme (ACE) 

activity (113). In another study, asparagus was found to show neuroprotective effects 

in senescence-accelerated mice. Enzyme-treated asparagus extract (ETAS) can 

up-regulate the mRNA level of heat-shock protein 70 and heme oxygenase-1 in 

NG108-15 neuronal cells. It can also attenuate the cognitive impairment caused by 
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contextual fear memory in SAMP8 mice (114). Asparagus extracts have also been 

found to have hypocholesterolemic and hepatoprotective effects on rats. When rats 

with high cholesterol were fed asparagus (500 mg/kg body weight (bw)/day) for 5 

weeks, the total cholesterol, and low-density lipoprotein cholesterol levels were 

decreased, while the high-density lipoprotein cholesterol level was increased, 

compared with the high cholesterol group. In addition a significant increase in enzyme 

activity from multiple hepatic antioxidant systems, such as superoxide dismutase, 

catalase, and glutathione reductase/peroxidase as well as a decrease in 

malondialdehyde concentrations compared to high cholesterol group were observed 

(115). Asparagus also showed anticancer activities in different tumors. Methanolic 

extract of white asparagus shoots can inhibit colon carcinogenesis by regulating the 

TRAIL death-receptor signaling pathway in human colon carcinoma cells (SW480) 

and their derived metastatic cells (SW620) (116).  

1.3.3 Bioactive compounds of asparagus  

In addition to the basic nutrients, asparagus also contains varieties of 

phytochemicals that possess different health benefits.  

Asparagus saponins, which are a group of steroids found in the asparagus 

spear and root, have shown strong anticancer activities in different cancer cells. The 

content of saponins in asparagus is 0.03% in dry asparagus and 0.002% in fresh 

asparagus. In 1996 Shao tested the effects of crude saponins extracts from 

asparagus shoots (ACS) in human leukemia HL-60 cells. He found that the ACS can 
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inhibit HL-60 cells growth in a dose-dependent trend. When ACS were added to 

HL-60 cells and incubated at 37°C for 24 h at the dose of 50, 200, or 400pg/ml, the 

growth of HL-60 cells were inhibited by 53, 88 and 94%. Meanwhile, when HL-60 

cells were treated with ACS at 6.25, 50 or 200 pg/ml at 37°C for 2 hours, the DNA 

synthesis was inhibited by 40.19, 82.98, and 90.89%, respectively (117). Later in 

1997, Shao identified two steroid saponins from asparagus seeds. These two 

saponins are methyl protodioscin and protodioscin. It was also found that both 

saponins can inhibit DNA synthesis in a dose-dependent manner. The IC50 value 

(the half maximal inhibitory concentration) for protodioscin is 9 uM and 19 uM for 

methyl protodioscin.  Further, protodioscin was chosen to test its effects on the 

HL-60 cells growth.  The IC50 was found to be 15 uM (118). The effects of 

asparagus saponins on other cancer cell lines were also evaluated by the National 

Cancer Institute Development Therapeutics Program (USA). It was found that 

asparagus can inhibit growth of various cancer cells, with the most effect on colon 

cancer cells (119). Saponins extract from asparagus has also been found to inhibit 

tumor migration and invasion.  Asparagus saponins can significantly inhibit migration 

and invasion of MDA-MB-231 human breast cancer cells at a concentration of 400 μg 

/mL. This mechanism is shown through targeting the Rho GTPase signaling 

pathway(120). Besides, saponins were also found to lower the cholesterol level in 

plasma by inhibiting cholesterol absorption in humans (121). There are now more 

than 10 different saponins found in asparagus (122).  
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Polysaccharide is another important class of bioactive compounds found in 

asparagus; it has been shown to have immunity improving, anti-aging and antitumor 

activities. Polysaccharide extraction from Asparagus officinalis has been tested on 

HeLa and BEL-7404 cells. It can inhibit cells growth in a dose-dependent manner. At 

a concentration of 10 mg/mL, the polysaccharide can inhibit HeLa cells growth by 

83.96% (105).  When investigators injected a sarcoma mouse model (S180) mice 

with asparagus extracts for 7 days, the expression of CD25 in lymphocytes was much 

higher than the control group and normal group. This showed that asparagus can 

improve immunity of S180mice by improving its erythrocyte function (123).  

According to several studies, asparagus also contains other phytochemicals, 

such as hydroxycinnamic acids (HCA), sulfur containing acids, sterols, fructans, rutin, 

diosgenin, and kaempferol. Kaempferol, an important bioactive compound, is a major 

flavonoid in asparagus. According to the USDA database, kaempferol content in 

asparagus is around 1.39 mg per 100 g(124). Kaempferol has been found to possess 

different functions. It may account for some of asparagus’ health benefits. However, 

more studies need to be done to clarify it.          

1.4 Kaempferol 

1.4.1 Chemistry of kaempferol 

1.4.1.1 Structure and derivatives  
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Kaempferol is widely distributed in plants. Its structure is 

3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-one (Figure 2). It has many 

derivatives; kaempferol-3-O-glucoside (astragalin), 

kaempferol-3-O-beta-isorhamninoside, and kaempferol-7-O-beta-D-glucoside have 

shown anticancer potential are (Table 1.1) (125).  

FIGURE 2 CHEMICAL STRUCTURES OF COMPOUNDS 

 

Compound name R1 R2 

Kaempferol H H 

Kaempferol-3-O-glucoside Glucoside H 

kaempferol-3-O-beta-isorhamninoside Gal(6-1)Rha(3-1)Rha Isorhamninoside 

kaempferol-7-O-beta-D-glucoside H Glucoside 

Figure 2 Chemical structures of kaempferol and related compounds 

1.4.1.2 Food sources and content 
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Kaempferol has been found distributed widely in Pteridophyta, Pinophyta and 

Magnoliophyta in nature. It also exists in many vegetables and fruits, such as 

asparagus, broccoli, leek, onion, chives, Chinese cabbage, cucumber, tea, apple, 

peach, blackberries, raspberries, and grapefruit. It is also found in traditional Chinese 

medicines (125).  

1.4.1.3 Absorption, distribution and metabolism 

No matter how efficient a compound treatment can be, it only works when it 

reaches the target after absorption and metabolism. Kaempferol in different forms is 

taken orally most of the time. Studying its bioavailability and metabolism will help its 

application in practice. 

An animal study on metabolism found that oral bioavailability of kaempferol in 

rats was around 2%. Quercetin and kaempferol-glucuronides are major conjugated 

form found in plasma. , There are phase I oxidative metabolism and phase II 

glucuronidation in both the intestine and liver (126). In a pharmacokinetic study, the 

bioavailability of kaempferol from endive was evaluated. Eight subjects were recruited 

and fed endive containing approximately 9 mg kaempferol. Throughout 24 hours, 

their plasma and urine samples were tested for kaempferol level and quercetin level. 

The results showed that after 5.8 hours, the plasma kaempferol level reached a 

maximum of 0.1 µM; an average of 1.9% of kaempferol intake had been excreted in 

24 h. Meanwhile there was no quercetin detected in either plasma or urine samples. 

This result indicated that kaempferol has relatively higher bioavailability than 
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quercetin, even in low dose. Since quercetin was detected, the kaempferol was not 

converted to quercetin, which indicated that there was no phase I metabolism. In 

plasma a conjugated kaempferol metabolite- kaempferol-3-glucuronide accounted for 

55%-80% of total kaempferol. This suggested there was phase II metabolism 

involved.  Furthermore, the study also indicated that different kaempferol derivatives 

were absorbed in different ways. Kaempferol-3-glucoside accounts for the early peak 

in plasma at 0.5 h, so it is absorbed faster in the small intestine, while 

kaempferol-3-glucuronide is absorbed in the distal intestine and colon (127). In 

another similar study, 7 healthy subjects received kaempferol and were tested for 

their urea excretion after 2-8 h. They found 6.10 +/- 5.50% and 5.40 +/- 5.40% of the 

kaempferol dose for male and female subjects in urea samples (128). Some modern 

technology can now increase the bioavailability of kaempferol. By using a 

PEO-PPO-PEO nanoparticle incorporate, kaempferol's inhibition effect was improved 

on ovarian cancer (129).  

While kaempferol is mostly present in the food form, it is also important to 

know how kaempferol is affected by processing and storage. A study about the 

effects of kaempferol in processed onions found that most of the kaempferol was lost 

during the pre-blanch process, which included peeling, trimming and chopping. The 

content of kaempferol dropped from 0.96 mg/100 g to 0.35 mg/100g. After blanching, 

the content was pretty stable during further cooking, frying, or warm-holding (130). 

Another study examined the effects of transport and marketing on kaempferol in 
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broccoli heads. The heads were first placed in 1 or 4◦C at 99% relative humidity for 

different days to simulate the transport conditions. Then they were put in an 

environment with temperature and relative humidity similar to markets. Kaempferol 

contents were not significantly changed, suggesting current transport and marketing 

practices are not likely to affect the kaempferol content(131). Research on strawberry, 

acerola, pitanga and cashew-apple found that processed juices made from these 

fruits lost almost half the kaempferol, compared with raw fruits (132).  

1.4.2 Anticancer activities of Kaempferol 

1.4.2.1 Epidemiology evidences  

Kaempferol has been inversely associated with the risk of different cancers in 

human trial studies. Kaempferol intake is inversely associated with cancer and 

inflammation markers, such as the serum interleukin-6 (IL-6), which indicates 

inflammation and carcinogenesis. In an intervention arm of the Polyp Prevention Trial, 

subjects with high intake of kaempferol had low serum IL-6 concentration (highest 

versus lowest kaempferol intake quartile, 1.80 versus 2.09 pg/mL).  The decrease in 

IL-6 level was also inversely associated with high-risk (OR, 0.44; 95% CI, 0.23-0.84) 

and advanced adenoma recurrence (OR, 0.47; 95% CI, 0.19-1.18) (133). In another 

population-based case-control study among tobacco smokers daily intake of 2 mg 

kaempferol significantly decreased the lung cancer rate (OR, 0.68; 95% CL, 

0.51-0.90) (134).  A cohort study among the male smokers in Finland examined the 

effects of alpha-Tocopherol, beta-Carotene on cancer prevention. The results 
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showed that when subjects took more than 1.29 mg per day kaempferol without 

alpha-tocopherol and/or beta-carotene, the pancreatic cancer rate decreased (OR, 

0.37; 95% CI, 0.17-0.79) (135). The same group examined the U.S. Department of 

Agriculture flavonoid database and found that high intake of flavones significantly 

reduced the risk of advanced adenoma recurrence (OR, 0.24; 95% CI, 0.11-0.53) 

when the 4th quartile intake compared with the first quartile intake. Kaempferol 

exhibited a similar pattern (OR, 0.44; 95%CI, 0.22-0.89). In a Nurses’ Health Study of 

66,940 women to determine the correlation between 5 common dietary flavonoids 

intake and epithelial ovarian cancer rate, it found no firm association between total 

intake of the 5 flavonoids and ovarian cancer incidence. However, kaempferol alone 

can significantly decreased the rate by highest quintile verses lowest quintile intake 

(OR, 0.6, 95%CI, 0.42-0.87)(136). 

1.4.2.2 In vivo and in vitro studies 

Kaempferol has also been found to possess cancer prevention characteristics 

in animal models. In one study, kaempferol’s cancer prevention effects were 

evaluated by feeding it to male wistar rats treated with 1,2-dimethyl hydrazine, a 

colorectal cancer inducer. After 16 weeks, the 1,2-dimethyl hydrazine increased the 

erythrocyte lysate and liver thiobarbituric acid reactive substances level; it also 

induced rejuvenated antioxidant enzymes catalase, super oxide dismutase and 

glutathione peroxidase. Kaempferol can inhibit these inductions in a dose response 

manner compared with control. And the effects were comparable to Irinotecan, a 
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well-known anticancer agent for colon cancer (137). Kaempferol can also inhibit 

cancer cell growth in different ways. Ginkgo biloba extract kaempferol has been found 

to inhibit the proliferation of pancreatic cancer cell lines MIA PaCa-2 and Panc-1. 

Treated with 70 μM kaempferol for 4 days, MIA PaCa-2 and Panc-1 cells proliferation 

were significantly suppressed (138).  Kaempferol can also induce apoptosis in 

human HCT116 colon cancer cells. When the cells were incubated with 60 μM 

kaempferol, the number of the cells in sub-G1 phase was significantly increased over 

time (139).  In another study, kaempferol inhibited angiogenesis factor of two 

ovarian cancer cell lines, OVCAR-3 and A2780/CP70. Kaempferol can directly inhibit 

VCAR-3-induced angiogenesis and tumor growth significantly in chorioallantoic 

membranes of chicken embryos(140). 

1.5 Potential mechanisms of action 

Kaempferol has drawn much attention of researchers to study its function on 

cancer, and it is found that kaempferol showed anticancer activities through different 

mechanisms. Some of these are described below.  

1.5.1 Antioxidant effects and Redox regulation 

Many phytochemicals possess both antioxidant ability in normal cells and 

pro-oxidant ability in cancer cells. Through these functions they can prevent the 

carcinogen damage on normal cells and increase the repair process such as 

apoptosis in cancer cells (141). One good explanation for the function is that 
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antioxidants can interfere with the reactive oxygen species (ROS) level. ROS in 

normal cells is balanced with a cell’s self-antioxidant defense in redox system. 

However, under certain conditions, such as oxygen free radicals, UV exposure, 

gamma-radiation and other carcinogens, ROS will be produced excessively and 

induce oxidative stress. Then the stress will promote damage to cell structure, 

including proteins, lipids, membranes and DNA, which leads to carcinogenesis (142). 

In cancer cells ROS level is suppressed, because increased ROS level is associated 

with induction of apoptosis program. Antioxidants can improve the redox balance by 

regulating ROS, and it can improve the defense systems which include several phase 

II enzymes such as Glutathione peroxidases (GPx), catalase, superoxide dismutase 

(SODs) (141). 

Studies found that vegetables and fruits’ cancer inhibition effects are 

associated with their antioxidant ability (4, 5, 143, 144). Kaempferol, as a natural 

antioxidant, also has such ability; it can efficiently scavenge the free radicals (145, 

146). A study about the antioxidant effects of kaempferol on colorectal carcinoma in 

rats found that kaempferol significantly improved the antioxidant status. The study 

used 1.2-dimethyl hydrazine (DH) to induce colorectal cancer in rats. Rats were fed 

50, 100, 200 mg/Kg body weight of kaempferol or they received irinotecan 

intravenously; after 16 weeks, lipid peroxidation products, catalase, SODs and GPx 

level in blood were tested. The results showed that kaempferol decreased 

DH-induced thiobarbituric acid level and increased catalase, SODs and GPx levels, 
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compared with the control group, in a dose response manner; 200 mg/Kg body weight 

per day of kaempferol was comparable to Irinotecan, a common anticancer drug for 

colon cancer (137). Another study examined the protective ability of kaempferol in rat 

H4IIe cells against oxidative stress apoptosis by H2O2. Up to 25 µM kaempferol 

decreased H2O2 induced ROS level, dependent on time and concentration.  It also 

decreases the H2O2 induced caspase-3 activity as doses increased (125). Another 

study found the cellular ROS level is up-regulated by kaempferol in MCF-7 human 

breast cancer cells, and it can enhance the apoptosis effect. Using antioxidant 

N-acetyl cysteine negatively affected the apoptosis caused by kaempferol; this 

suggested that the increased ROS stress by kaempferol may also contribute to its 

apoptosis induction (48). Another study found that kaempferol increased ROS 

generation and induced apoptosis in Glioblastoma cells. When the antioxidants 

N-acetylcysteine (NAC) is used, the sensitivity of kaempferol induced apoptosis is 

reduced. Phase II enzyme superoxide dismutase and thioredoxin was 

down-regulated by kaempferol. Knockdown of these two enzymes significantly 

increased the apoptosis effect of kaempferol. All of these suggest that kaempferol 

induced apoptosis through increasing ROS stress in Glioblastomacells (147). Similar 

results in HeLa cells showed that kaempferol can elevate the ROS level, and it is 

related to the MAPK-mediated apoptosis induced by kaempferol (148).  

1.5.2 Antiproliferation and cell cycle arrest 
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Cells in the human body are proliferating all the time. One reason is to help 

the body grow in a needed situation; the other reason is to make up for the dying cells 

every moment to maintain the balance. The proliferating cells will grow larger 

increasing the DNA, and doubling into two daughter cells. These steps happen in a 

cycle, called the G1/G0, S, G2, M phase cell cycle (149). In normal cells, cell 

proliferation is kept in balance by Cyclins and Cyclin-dependent kinase. When cells 

need to proliferate, they receive the mitogenic growth factors signal, and then grow 

and divide normally. When the environment is abnormal, such as the DNA is 

damaged or the cells decide not to grow, the cells will halt at check points in the 

different cell cycle phases or become quiescence at G1/G0 phase or arrest at G2/M 

phase. However, in cancer cells, these signals have been interrupted, and the 

oncogenic factors override these signals, so the cells surpass the checkpoints and 

proliferate even in the abnormal environment (150). Kaempferol is found to inhibit the 

cancer cell proliferation and induce the cell cycle arrest. In one study researchers 

used ginkgo extract kaempferol to treat pancreatic cancer cell lines MIA PaCa-2 and 

Panc-1. Tested by MTS assay, the results showed that when both cell lines were 

treated with 70 µM kaempferol for 4 days, proliferation was significantly suppressed 

(138, 151).  Research on kaempferol derivative kaempferol-7-O-β-D-glucoside (KG) 

also showed that KG has strong antiproliferative effect against HeLa carcinoma cells 

while it did not affect the normal HEK293 human embryonic kidney cell. The flow 

cytometry experiment also showed that KG increased G2/M cell cycle arrest. 
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Furthermore KG was shown to down-regulate the Cyclin B1 and Cdk1 proteins while 

it had no effects on the p53/p21 protein. This indicated that KG induces HeLa cell 

cycle arrest in a p53-independent manner (152). Another study about KG also found 

similar results on inhibiting cancer proliferation; besides HeLa cancer cells, KG also 

significantly inhibited 6 other cancer cell lines and had less cytotoxicity on normal 

human cells. The KG treated A375melanoma cell and leukemia HL60 cells increased 

their G1 phase cells arrest and decreased G2/M phase cell cycle arrest(153). Another 

group used Kaempferol to treat HL60 cells; they found that when the treatment was 

more than 10 µM, there was a significant increase of S phase and G2/M cell cycle 

arrest but there was not much apoptosis inducing effect. These results indicate that 

kaempferol inhibited HL60 cells growth primarily by cell cycle alteration (154, 155).  

1.5.3 Induce Apoptosis and Autophagy 

Under certain stress or in abnormal situations, organisms will try to get rid of 

the defective or mal-functioning cells from the tissue. One of the important functions 

to precede this is apoptosis. The cancer occurs when there are irregular cell cycles 

which are induced by the DNA intervention or by passing the wrong DNA to sister 

cells.  The body will first try to fix these abnormal factors through DNA repair or cell 

cycle arrest. However, when the damage or abnormal situation cannot be resolved, 

the cell's suicide program, which is called apoptosis is activated (156). Apoptosis is a 

vital process whereby the organisms use to stop the cancer growth, and kaempferol 

has shown strong pro-apoptosis effects in different cancer cells.  
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There are two major signaling pathways which can trigger apoptosis. One is 

called intrinsic apoptotic program, which is through mitochondria. The other is called 

extrinsic apoptotic program which uses cell surface receptors. Both signaling 

pathways will induce the cytoplasmic caspase cascade and induce the cell apoptotic 

death in the end. In intrinsic apoptotic program, caspase cascade will be activated by 

cytochrome c; cytochrome c release is controlled by opening and closing the 

mitochondrial outer membrane channel which is affected by Bcl-2 (negative) and 

other relatives of Bcl-2 (negative) such as Bax, Bad, and Bid. The upstream regulator 

for these proteins is p53 and its regulation factors (151, 157, 158). Several studies 

found that kaempferol can induce apoptosis through this pathway. One study found 

that when treated with 50 µM kaempferol, the MCF-7 human breast cancer cells 

showed an increasing number of the apoptosis cells and cleaved PAPR level over 

time. Western Blot analysis showed that Bax, cleaved Caspase-9, Caspase-3, and 

Caspases-7 level all increased. The PLK-1, which they found participated in the 

process, had decreased (159). Another study found that kaempferol can induce 

apoptosis in human HCT116 colon cancer cells. The results showed that increased 

concentrations of kaempferol up-regulated the levels of cleaved PARP, Caspase-3, 

cytochrome-c, p-p53, bax, PUMA, while they down-regulated Bcl-2 protein level. 

There was no obvious effect on Caspase-8 protein, indicating the extrinsic apoptotic 

program was not involved in the pathway. They identified Ataxia-Teleangiectasia 

Mutated protein as the upstream activator in this pathway (139). Another group of 
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researchers treated the K562 leukemia cell line and the U937 promyelocitic human 

leukemia cell line with 50 µM kaempferol. They found that the apoptosis cells 

increased. For both cells kaempferol increased Bax, cytosol cytochrome c, and 

cleaved PARP levels. It increased the activation of Caspase-3 and Caspase-9. It also 

decreased the Bcl-2, mitochondrial cytochrome c levels. In addition, they found 

SIRT3 up-regulation and PI3K inhibition are involved in the upstream regulation (160). 

Kaempferol also induced apoptosis in ovarian cancer cells, which include 

A2780/CP70, A2780/wt, and OVCAR-3 cell lines. 80 µM kaempferol treatment 

increased Caspase 3/7 level in first two hours, and the level was decreased; using 

Caspase-9 inhibitor significantly offset this effect which indicated that it is through the 

intrinsic pathway. When the dose of kaempferol treatment was increased , p53, Bad, 

Bax protein expression were up-regulated, while Bcl-xl protein expression was 

down-regulated (161). Kaempferol can also induce apoptosis in oral cavity cancer 

cells through Caspase-3 pathway (162).  

For extrinsic apoptotic program, there are fewer studies; one study on 

kaempferol 3-O-beta-isorhamnioside (K3O-ir) from Rhamnusalaternus L. found 

K3O-ir can induce apoptosis in human lymphoblastoid cells through the extrinsic 

pathway. Kaempferol treatment increased level of cleaved PARP and cleaved 

Caspase-3; and it increased Caspase-8 protein, which indicated it was through the 

extrinsic program (163).  
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Additionally, Endoplasmic Reticulum (ER) stress was also involved in the 

apoptotic process; some researchers used kaempferol to treat U-2 OS osteosarcoma 

cells and induce apoptosis. Their results showed that besides the activation of the 

intrinsic pathway, the ER stress was also up-regulated by kaempferol. They found 

cytoplasmic Ca2+, GADD153, GRP78, GRP94, ATF-6α, ATF-6β, Caspase-4, 

Caspase-12, Calpain 1 and Calpain 2 protein levels were increased; when Calpain 

inhibitor BAPTA was used, the apoptosis effect was weaker. These results indicate 

ER stress involved in this kaempferol induced apoptosis effect (164). Kaempferol was 

found to induce MCF-7 human breast cancer cell apoptosis through MAPK pathway; 

ERK activation played an important role in apoptosis. By using the TUNEL assay, 30 

µM kaempferol treatment clearly induced MCF-7 human breast cancer cell apoptosis; 

the cleaved PARP, Phospho MEK1, Phospho ELK1, and Phospho ERK levels also 

were increased with time from 0 to 24 h. When the researchers treated the cells with 

MEK1 inhibitor PD98059 or transfected the MCF-7 cells with Kinase-inactive ERK 

mutant, the cell viability number increased and the cleaved PARP decreased, 

confirming the ERK pathway was involved in the apoptosis induce effect of 

kaempferol in MCF-7 human breast cancer cells (48). Another study achieved similar 

results in A549 lung cancer cells. Kaempferol can induce apoptosis by up-regulating 

the Bax and Caspase-7, cleaved PARP protein expression and down-regulating the 

Bcl-2, Bcl-Xl protein expression. For the upstream regulator, total Akt and 

phosphorylated Akt levels were decreased, and MEK1/2 level was increased. 
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However, using Akt inhibitor did not affect apoptosis results while MEK inhibitor did, 

suggesting that the upstream activator was through MAPK pathway (165).  

When cells are under energetic stress, autophagy will also be induced.  The 

autophagy cells are still alive and the process is reversible. It is considered an early 

survival mechanism against apoptosis. Recently a study also found that before 

kaempferol induces apoptosis, it could also induce autophagy in the beginning period. 

The researchers tested 100 and 200 µM kaempferol’s effects on HeLa cells and 

gastric adenocarcinoma AGS. They found in the first 6 h the extracellular lactate was 

significantly decreased, especially in a low-glucose environment; after 12 h treatment 

the total oxygen consumption was significantly reduced. The respiration site was in 

complex I. Total ATP was also decreased by kaempferol after 12h in low-glucose 

medium but not in high-glucose one. They found this energetic failure was associated 

with autophagy; 12 h kaempferol treatment changed the cell phenotype and 

increased the autolysosomes, and colocalization of microtubule-associated protein 1 

light chain 3 (LC3), lysosomes, and LC3 protein in the low glucose condition. When 

autophagy inhibitor wortmannin, 3-MA, was added to the cells or transfected the cells 

with siRNA against autophagy, there were 40% more apoptosis cells than with 

kaempferol treatment alone; when pretreated with kaempferol for 12-24 h, and the 

medium replaced with fresh medium for 48 h, kaempferol protected the cells from 

apoptosis. The researchers also proved that inhibition of glucose uptake is required 

for this process; the autophagy is through AMPK/mTOR pathway (148).  
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1.5.4 Angiogenesis and metastasis inhibition 

Proposed by Dr. Folkman, angiogenesis has been acknowledged for its 

important role in cancer improvement and has attracted many researchers in recent 

years (166). Although malignant cancer cells have acquired the ability to keep 

proliferating and resist to apoptosis, like normal cells, they still need to absorb 

nutrients and oxygen in order to grow, or they will die. This explained why initial 

primary tumor cells only grew around vascular vessels and the tumor size normally 

was no more than 0.2 mm. To further develop, cancers cells need to get close to the 

blood vessel. Thus many cancer cells later develop the ability to stimulate new blood 

vessels to grow from existing ones; this process is called angiogenesis (167). This 

process involves many interactions between cancer cells, stroma cells, epithelial cells, 

extra cellular matrix, and a series of signaling transductions. Basically, when cancer 

cells are far from capillaries, they will suffer hypoxia, which will stimulate the cancer 

cells to release platelet-derived growth factor (PDGF) which will recruit the stroma 

cells (most are fibroblasts, macrophages and neutral cells). Then the stroma cells will 

release the angiogenic factors such as VEGF. These angiogenic proteins bind to their 

according receptor on endothelial cells on the blood vessel and stimulate capillary 

growth (151, 168). One thing to mention is even after the angiogenic factors secrete, 

they do not directly contact with their receptors since an extra cellular matrix (ECM) 

separates them. In this situation Matrix metalloproteinase (MMP) will be secreted. 

After the ECM are degraded by MMP, the angiogenic switch will be turned on, and 
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angiogenesis can happen successfully(169). Considering that the cancer cells can 

always mutate to resist the new drugs which target the cancer cells directly, 

angiogenesis avoids this problem. The new treatment can work on the stroma cells 

instead of cancer cells to interrupt the angiogenesis. Besides, since it is a chronic way 

for the angiogenesis to happen, the daily consumption of phytochemicals which 

naturally exist in fruits and vegetables can have a great healthy benefit towards this.   

Although there are not many studies about the antiangiogenesis ability of 

kaempferol, several studies indicate kaempferol has such potential. One study found 

10 µM kaempferol can significantly reduce the VEGF induced angiogenesis in the 

Human Umbilical Vein Endothelial Cells (HUVEC) by 15% (170).  Another study 

used kaempferol to treat OVCAR-3 and A2780/CP70 human ovarian cancer cells. It 

was found that in both cells kaempferol significantly reduced the mRNA and protein 

levels of VEGF; kaempferol also reduced blood vessel formation in the Chicken 

Embryo assay; in additional tests, HIF-α, p-AKT protein levels and ESRRA mRNA 

levels were decreased, while HIF-β, ERK protein level and PRARGC1A mRNA levels 

did not change. The results suggest that kaempferol inhibits angiogenesis and VEGF 

expression through HIF and ESRRA pathway (140). The same group did another 

study later to identify an exclusive pathway for kaempferol’s angiogenesis inhibition 

effect on ovarian cancer. In this study they found kaempferol can inhibit the OVCAR-3 

and A2780/CP70 cells VEGF secretion time dependently. It can also inhibit the 

culture medium induction of tubes formation by HUVEC cells. They also found that 
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kaempferol suppressed the VEGF secretion and angiogenesis by down-regulating 

phos-ERK, NF kappa B, cMyc level and up-regulating p21 level. The pathway was 

confirmed by plasmid transfect; they found the signal was correlated and could not be 

reversed (140). Kaempferol was also found to suppress the HGF induced 

medulloblastoma cell migration. 20µM kaempferol clearly decreased expression of 

p-Met and p-Akt induced by HGF; pretreatment by 20 µM kaempferol also inhibited 

the medulloblastoma cell migration and morphological changes induced by HGF 

(171). Besides, kaempferol inhibited the MMP-3 secretion in MDA-MB-231 human 

breast cancer cells in a dose- dependent manner; the IC50 is 45 µM. It also inhibited 

the in vitro invasion of MDA-MB-231 cells in a dose-dependent manner; the IC50 is 30 

µM (172).  

1.5.5 Estrogen modulating activity 

Estrogen has been considered to play an important role in cancer growth, 

especially for these estrogen dependent cancers like breast cancer and ovarian 

cancer.  Many years ago researchers found that large doses of estrogen can induce 

different cancers in animal and human (173-175). They also found that estrogen can 

enhance the effects of other carcinogens (176, 177). Later the mechanism of 

estrogen involvement in the carcinogenesis process has been made clearer. 

Estrogen can bind to ER and form complexes, and then it bind to a specific sequence 

called an estrogen response element (ERE). ERE will induce gene expression and 

stimulate the synthesis of effector proteins which promote mitotic cascade to increase 
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cell division and cancer risk(178). Currently two major ERs are ERα and ERβ. 

Different cells may contain different ERs, which provide a target for modulating the 

estrogen-estrogen receptor pathway by some compounds called selective ER 

modulators (SERMs). Commonly used SERMs today are Aromatase Inhibitors, the 

antiestrogen such as tamoxifen and raloxifene, ER agonists (179). Although the 

SERMs have efficiently reduced some cancer risks, there cause effects, including 

discomfort or drug resistance. , Thus a better SERM is needed. Kaempferol is one of 

the most widely distributed natural phytoestrogens found to possess such potential in 

many studies.   

Aromatase is an important enzyme in the process that converts androgens 

into estrogens; inhibition of aromatase is considered an efficient way to treat estrogen 

related cancers. In a study kaempferol has been found to decrease aromatase 

enzyme activity in MCF-7 human breast cancer cells;  the IC50 is 61 µM and Ki is 

27.2 µM (180).  Researchers used different concentrations of kaempferol to treat 

MCF-7 human breast cancer cells; kaempferol inhibited the ER-α mRNA and protein 

levels, and increased the ER-α protein aggregation in nuclei. It also decreased the 

progesterone receptor, cyclin D1, and insulin receptor substrate level. Proteasome 

and lysosome inhibitor did not completely block the inhibition effect of kaempferol, 

suggesting another pathway is involved. Kaempferol also inhibited the MCF-7 human 

breast cancer cell proliferation induced by estradiol, suggesting that kaempferol's 

antiproliferation effects in vitro is partly through modulation of ER-α (181). Kaempferol 
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also showed biphasic effects on estrogenicity in MCF-7 human breast cancer cells. 

When kaempferol was lower than 10 µM, it alone increases the ERE expression in a 

dose-response manner; when kaempferol concentration was more than 10 µM it 

began to decrease the ERE expression. With 10-8 µM E2 and kaempferol combination, 

kaempferol significantly inhibited the expression of E2 induced ERE and downstream 

protein pS2 in a dose-response manner. The inhibition effect is similar to tamoxifen. 

When the cells were treated with both 10-8 µM E2 and kaempferol, E2 induced cell 

proliferation was completely inhibited. When kaempferol concentration was less than 

10 µM, this effect was offset in a dose response manner as E2 concentration 

increased to 10-4µM. More than 10 µM kaempferol did not have an effect. This 

indicates the antiproliferation effect of kaempferol is estrogen dependent when its 

concentration is lower than 10 µM; additionally, 10 µM kaempferol also inhibited 

malignant transformation in MCF-7 human breast cancer cells caused by estrogen 

response by focus assay (47).  Some researchers studied the correlation between 

kaempferol's estrogen activities and apoptosis. They found that kaempferol 

possesses much weaker estrogen binding affinity and could not inhibit the estradiol 

induced ER activation in HepG2 cells. But kaempferol can induce ERE expression in 

MCF-7 cells. Although kaempferol can up-regulate the Bcl-2 protein level and induce 

apoptosis, there was no clear relationship between kaempferol estrogencity and 

apoptosis (182).   

1.5.6 Anti-inflammation 
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Inflammation has been found to play several roles in different carcinogenesis 

processes. Initially, inflammation can trigger ROS stress which will damage DNA; 

then inflammation also induces the secretion of growth factors including EGF and 

FGF. These growth factors can promote cancer cell proliferation and help cancer 

cells resist apoptosis.  Furthermore, the pro-inflammatory cytokines, such as TNF-α 

and Interleukins, produced in inflammation can stimulate the survival pathways for 

cancer cells, and help cancer cells avoid the apoptosis(183). Thus targeting 

inflammation will be a good way to inhibit carcinogenesis and inhibit cancer growth. 

Kaempferol has been found to exhibit different anti-inflammation effects in different 

studies.  

Cyclooxygenase-2 (COX-2) is found highly expressed in many cancers. 

COX-2 can convert arachidonic acid (AA) to Prostaglandin E2 (PGE2), which has 

been shown to promote carcinogenesis in different cancers(183). In a study, treating 

LNCaP human prostate cancer cells with 1 µM kaempferol significantly reduced the 

PGE2 level; after the cells were treated with 0.1µM or 1 µM kaempferol for 24 h, its 

mRNA level for COX-2 and its down regulator PPARγ were decreased, while the 

protein level was not significantly changed (184). Kaempferol was also found to inhibit 

the COX-2 protein and mRNA level in dose-dependent manners in Chang Liver cells; 

moreover, kaempferol also inhibited the NF-κB activation and expression of IKKα and 

IκBα proteins, suggesting that the anti-inflammation effect is through NF-κB pathway 

(185). In another study, researchers treated JB6 P+ mouse epidermal cells with 40 
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µM kaempferol for 30 minutes. Kaempferol significantly reduced the UVB-induced 

COX-2 protein ERKS, p38, and JUNKs levels; it inhibited COX-2 and AP-1 activation. 

Src is a upstream activator for MAPKs. Kaempferol inhibited expression of Src in 

mouse skin while not in vitro; they also found that kaempferol worked by competing 

with ATP for Src binding (186). Kaempferol was also found to have the best activity of 

inhibiting the fatty acid amide hydrolase among 16 common flavonoids; fatty acid 

amide hydrolase inhibition is associated with suppression of PPARγ expression 

(187).  

Kaempferol also exhibited different inhibitory effects on pro-inflammatory 

cytokines. 30 µM kaempferol successfully decreased the IL-1 β and INF-α mRNA 

levels which were induced by LPS in J774.2 macrophage cells (188). 40 µM 

kaempferol inhibited IL-4 induced STAT 6 phosphorylation and CD23 expression 

significantly; it also increased apoptosis which is suppressed by IL-4 first. Kaempferol 

inhibited the JAK3 level, but not IL-4 induced Src or JAK1 activity. Furthermore, the 

researchers confirmed that kaempferol only showed this inhibition effect in JAK3 

expressing cells and JAK3 dependent cytokines (189). In another study, kaempferol 

inhibited the IL-8 promoter activation and gene expression induced by TNF-α in HEK 

293 cells in a dose-response manner; it also decreased the TNF-α induced IκBα, 

phospho-IκBα protein levels, p65 nuclear localization, and ROS production without 

affecting the viability of the cells(190). Additionally, kaempferol was found to inhibit 

TNF-α induced nuclear hormone receptor liver-X-receptor alpha mRNA expression 



46 

 

(191). Other researchers found that kaempferol increased cytokine 

Granulocyte-macrophage colony-stimulating factor (GM-CSF) level. The process was 

through ER/Golgi, PLC, PKC, and MEK/ERK pathways (192).  

Kaempferol also showed anti-inflammation effects in vivo. Female C58BL/6J 

mice were fed with 0.1 and 0.3% kaempferol for three weeks, and 2% dextran sulfate 

sodium (DSS) was used as an inducing agent.  Kaempferol significantly decreased 

the DSS induced plasma NO and PGE2 concentrations, COX-2 and iNOS mRNA 

level, and TNF-α, IL-1β, IL-6 mRNA (193).  

1.5.7 Drug effect improvement 

In the middle of last century, scientists found that certain chemicals can kill 

tumors while having limited damage to normal cells. Since then, many chemotherapy 

drugs have been developed, some of which have been effective in treating cancer. 

However, one large challenge for these drugs is that cancer cells easily develop 

resistance. Multidrug resistance (MDR) has greatly reduced drug effectiveness. 

Finding a safe compound to reduce this resistance is critical. Kaempferol in many 

studies has been found to decrease this resistance in different cancer cells. Adding 

kaempferol with regular drugs can also increase the sensitivity of cancer to drugs.  

P-glycoprotein (Pgp) is an ATP-dependent drug efflux pump that will pump 

many foreign substances out of cells. High levels of Pgp are responsible for the low 

efficacy of chemotherapy drugs. Kaempferol has been found to decrease Pgp level in 
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several cancer cell lines. In one study researchers treated MDR human cervical 

carcinoma KB-V1 cells (high Pgp expression) with several flavonoids. Kaempferol 

showed the best effect. 10 and 30 µM kaempferol significantly increased cell 

sensitivity and decreased relative resistance of KB-V1 cells to vinblastine and 

paclitaxel, two common anti-cancer drugs.  Meanwhile it did not show such effect in 

drug-sensitive KB-3-1 cells. Furthermore, kaempferol increased accumulation and 

decreased efflux of Rh123 and 3[H]vinblastine in KB-V1 cells but not in KB-3-1 cells; 

48 h treatment with kaempferol significantly decreased Pgp protein expression in 

KB-V1 cells (194). Two kaempferol derivatives, kaempferol-3-O-methyl ether (K3O) 

and kaempferol-3,4'-O-dimethyl ether (K34O) from Zingiberzerumber showed similar 

effects. They increased the accumulation and decreased the efflux of 

[3H}-daunomycin in Pgp overexpressed MCF-7 cells. The effect is as good as the 

effect of common Pgp inhibitor verapamil (195). In vivo kaempferol also improved the 

drug efficacy; the researchers gave mice tamoxifen both intravenously and orally.  At 

the same time they fed them with or without kaempferol; the absolute oral 

bioavailability and the maximum plasma concentration of tamoxifen were significantly 

higher in the kaempferol fed group. There were no other changes or differences 

among different concentrations (196). 

Kaempferol can also improve the sensitivity of cancer cells to treatment and 

improve the drug effect. Tumor necrosis factor-related apoptosis inducing ligand 

(TRAIL/Apo2L) is an efficient drug for cancer treatment; however resistance often will 
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develop. Kaempferol significantly increased the inhibitory effect of TRAIL on cell 

viability in U252 and U87 glioma cells but not in U373 cells.  Kaempferol also 

improved the sensitivity of NCH89 and NCH149 glioblastoma cultures. Combination 

of TRAIL and kaempferol significantly increased the level of caspase-9, caspase-7, 

and PARP levels in U87 and U251 cells. Kaempferol can inhibit the surviving and 

XIAP expression in U251 and U87 cells. Because overexpression of surviving 

attenuated the effect of TRIAL and kaempferol combination treatment on cell 

cytotoxicity in U251 cells, it indicated that kaempferol enhanced the TRIAL efficacy by 

suppressing the surviving. Furthermore, the researchers also confirmed the process 

is through proteasome degradation and Akt activity inhibition (197). Another study 

also found that combination of kaempferol and TRAIL significantly increased the 

apoptosis induction and cleaved PARP compared to treating colon cancer SW480 

cells with TRAIL or kaempferol alone. The apoptosis was through caspase and TRAIL 

receptor. Kaempferol also increased the level of TRAIL receptors DR5 and DR4. 

Transfecting the cells with DR5 siRNA not DR4 siRNA blocked the sensitizing effect, 

indicating that the combination effect is through DR5. Furthermore, the combination 

also showed similar effect in colon cancer DLD-1 and prostate cancer PC3 cells, 

while it has low toxicity in peripheral blood mononuclear normal cells (198). Among 10 

chemicals, kaempferol showed the best effect to increase OVCAR-3 ovarian cancer 

cells sensitive to cisplatin. The combination of cisplatin and kaempferol significantly 

reduced cell viability, ABCC6, cMyc mRNA levels, and increased CDKN1A mRNA 
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level, caspase-3 protein levels compared to cisplatin alone(199). In addition, 

kaempferol increased the antiproliferation effect of 5-fluorouracil in pancreatic cancer 

cells and the quercetin bioavailability by inhibiting Abcg2 protein (200).   

1.5.8 Other anti-carcinogenesis mechanism 

There are also other anti-carcinogenesis effects by kaempferol. The aryl 

hydrocarbon receptor (AHR) is a ligand-activated transcription factor. It regulates the 

Cytochrome P450, family 1, member A1 (CYP1A1) enzyme which is involved in 

metabolically activating and detoxifying. Activation of the AHR has been associated 

with cell proliferation and tumor formation(201, 202). Kaempferol was found to inhibit 

AHR and CYP1A1 expression in different studies. Among 15 flavonoids, kaempferol 

showed the strongest inhibitory effect on AHR activated reporter activity in MCF-7 

cells; it also inhibited the formation of AHR/ARNT DNA-binding complex and 

increased the CYP1A1 expression (203). Kaempferol inhibited dioxin-induced 

CYP1A1 and CYP1B1 expression, and this process is independent of ER pathway 

(204). However, the kaempferol inhibition on AHR is controversial; in another study, 

although kaempferol inhibited dioxin induced CYP1A1 level in Rl95-2 endometrial 

cancer cells, the AHR was not significantly affected (205). Kaempferol was found to 

reduce the viability of human hepatoma cancer cells. The effect is through inhibiting 

the HIF-1α activity by decreasing the accumulation of HIF-1α in the nucleus. It also 

inhibited the p44/p42 MAPK activations (206). Kaempferol can inhibit the 

β-catenin/Tcf binding which is found in human carcinogenesis; kaempferol inhibited 
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the Tcf complex binding to DNA and decreased the c-Myc, AXIN 2, and Cyclin D1 

protein levels in β-catenin activated HEK293 cells(207) . A kaempherolglycoside with 

an acetyl group was found to inhibit the Topoisomerases, of which the inhibitor was 

considered to be an anti-cancer agent (208).  

1.6 Overall objectives, significance, and future implications 

1.6.1 Rationale 

Asparagus is a nutritious vegetable; it is rich in many nutrients, such as folic 

acids, B vitamins, vitamin K and minerals. It also contains many phytochemicals, 

including flavonoids, saponins and polysaccharides. Studies have found that 

asparagus showed strong antioxidant activity and anticancer properties (119, 209). 

However, since there are many different varieties of asparagus, health benefits may 

differ according to variety. Thus, comparing different varieties of asparagus for their 

antioxidant and anticancer activities will provide useful information for consumers.   

MDA-MB-231 human breast cancer cells are triple-negative cancer cells; this 

means that they lack receptors for estrogen, progesterone, and HER-2 epidermal 

growth factor. They account for 15% of all types of breast cancer (210). 

MDA-MB-231 human breast cancer cells do not have the specific hormone target; 

hence they are less sensitive to the traditional hormone chemotherapy. They are 

characterized by an aggressive clinical history with poor disease-free and overall 

survival (211). Currently there is very little data available about prevention strategies 

for the occurrence and reoccurrence of this disease. It is found that MDA-MB-231 
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human breast cancer cells more easily metastasize to the cerebrum and visceral 

sites, compared with other types of breast cancers in patients (212). Thus, targeting 

their migration and metastasis may be a potential way to improve treatment. 

Kaempferol, a widely consumed flavonoid, has been shown to possess such 

potential; so studying kaempferol’s effects on MDA-MB-231 human breast cancer 

cells many help improve patients’ survival rate and quality of life.      

Most of the human breast cancers are still hormone sensitive, and MCF-7 

human breast cancer cells belong to this group. Because it is hormone sensitive, 

estrogen will promote MCF-7 proliferation. Estrogen will bind to estrogen receptor 

and activate expression of a series of proliferation signaling proteins(178). 

Kaempferol is one of the most common phytoestrogens found in fruits and 

vegetables; it can compete with estrogen to bind with estrogen receptors to 

suppress the proliferation activities of MCF-7 human breast cancer cells (181). It is 

important to study the effects of kaempferol on MCF-7 proliferation and the related 

signaling proteins. The findings will help us better understand the phytochemicals’ 

effects in prevention of breast cancer and the mechanisms through which they are 

working.  

1.6.2 Hypotheses. 

Hypothesis 1: there are differences in the phenolic content, flavonoids content, 

antioxidant activities, and anticancer activities among the seven varieties of 

asparagus.  
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Hypothesis 2: Kaempferol inhibits proliferation, migration and metastasis of 

MDA-MB-231 human breast cancer cells at proposed concentrations without 

cytotoxicity. 

Hypothesis 3: Kaempferol inhibits cell proliferation of MCF-7 Human Breast 

Cancer Cells through suppressing the expression of estrogen receptor alpha.  

1.6.3 Objectives 

I. To compare antioxidant and anticancer activities of seven varieties of 

asparagus 

II. To determine anti-proliferative activity and cytotoxicity of kaempferol toward 

MDA-MB-231 human breast cancer cells, and to determine the effect of kaempferol 

on migration and metastasis in MDA-MB-231 human breast cancer cells.    

III. To determine anti-proliferative activity and cytotoxicity of kaempferol toward 

MCF-7 human breast cancer cells, and to determine the mechanisms of action of 

kaempferol in inhibiting cell proliferation in MCF-7 human breast cancer cells. 

1.6.4 Implications and future research 

In this study, we demonstrated that different varieties of asparagus have 

different antioxidant and anticancer activities, and the Apollo and Purple Passion 

asparagus showed the strongest effects. We also show that kaempferol has potential 

to inhibit angiogenesis and metastasis in MDA-MB-231 human breast cancer cells. In 

addition, it also exhibited anti-cancer activity through inhibiting cell proliferation of 

MCF-7 breast cancer cells by suppressing the expression of estrogen-receptor alpha. 
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These data are important in understanding the protective effects of fruits and 

vegetables in the prevention of breast cancer. To better evaluate its health benefits in 

human, an animal study should be pursued as the next step.  
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Chapter Two Phytochemical Profiles, antioxidant activity and 

anti-proliferative activity of seven varieties of asparagus 

2.1 Introduction 

Cardiovascular disease (CVD) and cancer are the top two major causes of 

death in the United States. In 2010 they accounted for 47 % of all deaths (1).  

Among many prevention strategies, vegetables and fruits consumption is one of the 

most effective. Epidemiology studies have found that vegetable and fruit consumption 

is inversely correlated with the reduced risks of both diseases (10, 213). 

Phytochemicals are defined as a group of bioactive, non-nutrient compounds found in 

vegetables, fruits, grains and other plants (12).  Phytochemicals in fruits and 

vegetables may be responsible for their chronic disease reducing effect (12). 

Vegetables and fruits contain many phytochemicals such as phenolics and flavonoids. 

Some of them can work as antioxidants to prevent CVD by scavenging free radicals. 

Furthermore, they can also prevent CVD by inhibiting LDL oxidation and regulating 

lipid profiles (214). Phytochemicals in vegetables and fruits also showed anticancer 

activities by different mechanisms. The phenolics and flavonoids in fruits and 

vegetables have been found to inhibit cancer growth by inducing cell cycle arrest, 

inducing apoptosis, inhibiting angiogenesis, regulating hormone interactions, 

inhibiting inflammation, and regulating different cell signaling pathways in cancer (117, 

215, 216). The U.S. Department of Agriculture recommends that people consume at 
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least two and half cups of vegetables and fruits each day to reduce the risk of 

developing chronic diseases (217).  

Asparagus is a popular vegetable consumed in the US. It is one of the most 

nutritious vegetables, and contains many B vitamins, vitamin K, and iron. It is also rich 

in phytochemicals, including saponins, rutin, kaempferol and other flavonoids. 

Studies have found that asparagus has various health benefits, including 

neuroprotective, antioxidant, hypolipidaemic, hypoglycaemic, hepatoprotective, and 

anti-tumorigenic activities. Different studies have found that it is one of the vegetables 

with highest antioxidant activities in US (4, 105, 218). Besides, asparagus extract can 

also inhibit different cancer cell growth(118). However, there are many different 

varieties of asparagus. Just by color, there are green asparagus, white asparagus, 

and purple asparagus. Moreover, there are many subtypes under each color of 

asparagus. Consumers may be confused about which variety of asparagus has more 

health benefits. Currently there are few studies about the phytochemical profiles and 

health benefits of different varieties of asparagus. Hence the objective of this study 

was to compare phytochemicals profiles, antioxidant activities, and anticancer 

activities among different asparagus varieties.  

2.2 Materials and Methods 

2.2.1 Chemicals and materials 
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Ethanol (EtOH, anhydrous, 100%), potassium hydroxide (KOH), sodium 

borohydride (NaBH4), aluminum chloride, chloranil, tetrahydrofuran (THF), quercetin 

dehydrate, catechin hydrate, vanillin, Folin-Ciocalteu reagent, and dichlorofluorescin 

diacetate (DCFH-DA) were obtained from Sigma Chemical Co. (St. Louis, MO). 

Sodium hydroxide (NaOH), potassium dihydrogen phosphate (KH2PO4), potassium 

phosphate, methanol, alcohol, acetone, acetic acid, hydrochloric acid (HCl) and 

dipotassium hydrogen phosphate (K2HPO4) were purchased from J.T. Baker 

(Phillipsburg, NJ). Dimethyl sulfoxide and sodium bicarbonate (NaHCO3) were 

purchased from Fisher Scientific (Pittsburgh, PA). Gallic acid was purchased from 

ICN Biomedical Inc. (Costa Mesa, CA). 2, 2'-azobis-amidinopropane (ABAP) was 

purchased from Wako chemicals (Richmond, VA). All reagents used were of 

analytical grade. HepG2 human liver cancer cells were obtained from the American 

Type Culture Collection (ATCC) (Rockville, MD). Williams’ Medium E (WME) and 

Hanks’ Balanced Salt Solution (HBSS) were purchased from Gibco Life Technologies 

(Grand Island, NY). Fetal bovine serum (FBS) was obtained from Atlanta Biologicals 

(Lawrenceville, GA).  

2.2.2 Asparagus samples and sample Preparation 

Seven asparagus varieties were provided by Hebei Qimei Agriculture Science 

Technology Co, Ltd. All of the asparagus varieties were available on the market. The 

7 varieties are Apollo, Purple Passion, UC800, Crown, Grande, Green, Harvest, and 

Atlas. All the samples were harvested in 2009. Each sample was weighed 100 g fresh 



57 

 

weight in triplicate; then they were put in individual bags and processed by freeze 

drying. Samples were stored at -80 ºC until use.  

2.2.3 Phytochemical extractions of asparagus 

Phytochemicals of asparagus were extracted using the method as reported 

previously by our lab (219). Briefly, 100 g fresh asparagus equivalent freeze dry 

samples were blended for 5 min in a Waring blender using 200 mL chilled 80% 

acetone at medium speed. The mixture was then homogenized in a Polytron 

homogenizer for 3 min and filtered with vacuum under an ice bath. Supernatants were 

collected and then another 20 mL chilled 80% acetone was added to the residues and 

the extraction was repeated three times. The acetone in the supernatants was 

evaporated using a rotary evaporator under vacuum at 45°C until the weight of the 

supernatants was less than 10% of the original weight. The free phytochemical 

extracts were brought to 100 mL in water and were kept at -40°C until analysis. All 

extractions were performed in triplicate.  

2.2.4 Determination of total phenolic contents 

The total phenolic contents of asparagus were determined by the 

Folin-Ciocalteu colorimetric method (220), and modified in our laboratory (221). All 

extracts were diluted with Milli-Q water to obtain readings that fall within the standard 

curve range of 0.0 to 600.0 µg gallic acid/mL. Briefly, for each analysis, 

Folin-Ciocalteu reagent (0.1 mL) was added to the diluted extract solution and 
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allowed to react for 6 minutes to ensure that the Folin-Ciocalteu reagent reacted 

completely with the oxidizable phenolates in the sample. Then, 1 mL of 7% sodium 

carbonate solution was added to neutralize the samples. The samples were mixed 

and allowed to stand for 90 minutes at room temperature. After the color was 

developed, the absorbance of the results was read at 760 nm using a MRX II Dynex 

spectrophotometer (Dynex Technologies, Inc., Chantilly, VA). Results were 

compared with the standard curve of gallic acid concentrations and expressed as 

milligram per 100 gram of fresh weight for triplicate. Data were reported as mean ± 

SD. 

2.2.5 Determination of total flavonoids  

The total flavonoid contents of asparagus were determined using the sodium 

borohydride/chloranil protocol (SBC) developed in our laboratory (72, 222). Briefly, 1 

mL phytochemical extracts of tested samples were added into test tubes (15 x 150 

mm), solvent evaporated to dryness under nitrogen gas, and reconstituted in 1 mL of 

terahydrofuran/ethanol (THF/EtOH, 1:1, v/v). Catechin standard (0.3-10.0 mM) was 

prepared fresh in 1 mL of THF/EtOH (1:1, v/v). Then, 0.5 mL of 50 mM NaBH4 

solution and 0.5 mL of 74.6 mM AlCl3 solution were added into each test tube with 

sample or standard. Then the test tubes were shaken in an orbital shaker at room 

temperature for 30 minutes. An additional 0.5 mL of 50.0 mM NaBH4 solution was 

added into each test tube with continued shaking for another 30 minutes at room 

temperature. Then, 2.0 mL of 0.8 M Chilled acetic acid solution was added into each 
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test tube and kept in the dark for 15 min after a thorough mixing. Then, 1 mL 20.0 mM 

chloranil was added in each tube and heated at 95 ˚C with shaking for 60 min. The 

reaction solutions were cooled using tap water, and the final volume was brought to 4 

mL using methanol. Then, 1 mL 16% (w/v) vanillin was added into each tube and 

mixed. Then 2 mL 12 M HCl was added into each tube and kept in the dark for 15 min 

after mixing thoroughly. The reaction solutions were centrifuged at 1400×g for 5 

minutes, and 200 μL of each solution were added into a 96-well plate in duplicate and 

the absorbance was measured at 490 nm using a MRX Microplate Reader with 

Revelation workstation (Dybex Technologies, Inc., Chantilly, VA). Results were 

calculated by using the standard curve of catechin hydrate concentration. Total 

flavonoid content was expressed as milligram per 100 gram of fresh weight of sample. 

Data were reported as mean ± SD for at least triplicates.  

2.2.6 Determination of Total Antioxidant Activity  

Total antioxidant activity was measured using the hydrophilic peroxyl radical 

scavenging capacity (Hydro-PSC) assay as reported previously (223). 75 mM 

phosphate buffer (pH 7.4) was used to dilute Ascorbic acid and phytochemical 

extracts in appropriate concentration. Ascorbic acid was made fresh and diluted to 

6.3, 4.8, 3.2, 2.4 and 1.0 μg/mL. Gallic acid was made fresh and diluted to 5.5, 3.5, 

2.7, 1.4, 0.9 μg/mL. The reaction mix contained 75 mM phosphate buffer (pH 7.4), 40 

mM ABAP, 13.26 μM DCFH dye, and the appropriate concentrations of the pure 

antioxidant compound or sample extracts. 1 mM KOH was used to prehydrolyze the 
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dye to remove the diacetate moiety just prior to use in the reaction, which was carried 

out at 37°C, in a total volume of 250 µL using a 96-well plate. Fluorescence 

generation was monitored (excitation at 485 nm and emission at 538 nm) with a 

Fluoroskan Ascent fluorescent spectrophotometer (Thermo Lab systems, Franklin, 

MA). Data were acquired with the Ascent Software, version 2.6 (Thermo Lab systems, 

Franklin, MA) running on a PC. The areas under the fluorescence reaction time 

kinetic curve (AUC) for both control and samples were integrated and used as the 

basis for calculating peroxyl radical scavenging capacity (PSC) using the equation 

PSC (value) = 1 - (SA/CA), where SA is AUC for the sample or standard dilution and 

CA is AUC for the control reaction. Compounds or extracts inhibiting the oxidation of 

DCFH produced smaller SA and higher PSC values. The parameter EC50 was 

defined as the dose required to cause a 50% inhibition (PSC unit = 0.5) for each pure 

compound or sample extract, and was used as the basis for comparing the 

antioxidant activities of different compounds or samples. Results obtained for 

antioxidant activities of sample extracts were expressed as μmol of vitamin C 

equiv./100g of fresh sample ± SD for triplicate analyses. 

2.2.7 Cell Culture 

HepG2 cells were grown in Complete Medium (WME supplemented with 5% 

FBS, 10 mM Hepes, 2 mM Lglutamine, 5 μg/mL insulin, 0.05 μg/mL hydrocortisone, 

50 units/mL penicillin, 50 μg/mL streptomycin, and 100 μg/mL gentamycin) and were 
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maintained at 37 °C and 5% CO2 as described previously (215). Cells used in this 

study were between passages 10 and 38. 

2.2.8 Cytotoxicity and Inhibition of Proliferation Assays 

The cytotoxicity against HepG2 human liver cancer cells was determined by 

the method developed in our laboratory (215). HepG2 cells in 100μL growth media 

were placed in each well of a 96-well flat-bottom plate at a density of 4.0 × 104 

cells/well. After 24 h of incubation with 37 °C and 5% CO2, the growth medium was 

removed, each well washed with 100 μL of PBS, and replaced by media containing 

different concentrations of sample tested. Control cultures received the extraction 

solution minus the extracts, and blank wells contained 100 μL of growth medium with 

no cells. After another 24 h of incubation, cytotoxicity was determined by the 

methylene blue assay (224). Cytotoxicity was measured as percentage compared to 

control. The absorbance at 570 nm was read by using a MRX Microplate Reader. 

More than 10% cells number reduction was considered to be cytotoxic. A minimum of 

three replications for each sample was used to determine the cytotoxicity.  

Antiproliferative activity toward HepG2 human liver cancer cells was 

determined using the method reported previously (225). Briefly, HepG2 cells in 100 μL 

growth media were placed in 96-well plate at a density of 2.5 × 104 cells/well. After 4 h 

of incubation at 37 °C with 5% CO2, the growth medium was replaced by media 

containing different concentrations of extract. Control cultures received the extraction 

solution minus the sample extracts, and blank wells contained 100 μL of growth 
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medium with no cells. After 72 h of incubation, cell proliferation was determined by 

the methylene blue assay at absorbance of 570 nm (224). Cell proliferation (percent) 

was measured as percentage compared to control. All measurements were 

conducted in triplicate. 

2.2.9 Cellular Antioxidant Activity (CAA) 

The CAA assay was performed using the protocol described previously by 

our laboratory (143, 144, 226). Briefly, HepG2 human liver cancer cells were seeded 

at a density of 6 × 104/well in a 96-well microplate in 100 μL of complete medium per 

well in a humidified 5% CO2 incubator at 37 °C. Twenty-four hours after seeding, the 

growth medium was removed, and the wells were washed with 100 μL of PBS. Wells 

were then treated in triplicate with 100 μL of treatment medium containing solvent 

control, control extracts, or tested extracts plus 25 μM DCFH-DA for 1 h. Then certain 

wells were washed with 100 μL of PBS (i.e., PBS wash protocol) and certain wells 

were not washed (i.e., no PBS wash protocol). PBS wash protocol means that before 

the ABAP is added cells are pretreated with asparagus extract; while no PBS wash 

means that cells are treated with asparagus extracts and ABAP together. After 600 

μM ABAP was applied to the cells in 100 μL of oxidant treatment medium (HBSS with 

10 mM Hepes), the 96-well microplate was placed into a Fluoroskan Ascent FL plate 

reader at 37 °C. Emission at 538 nm was measured after excitation at 485 nm every 5 

min for 1 h. 
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After blank subtraction and subtraction of the initial fluorescence values, the area 

under the curve for fluorescence versus time was integrated to calculate the CAA 

value at each concentration of extract as follows: 

CAA unit = 100 − (∫ SA/∫ CA) × 100 

where ∫ SA is the integrated area under the sample fluorescence versus time 

curve, and ∫ CA is the integrated area from the control curve. The median effective 

dose (EC50) was determined for the sample extracts from the median effect plot of log 

( fa/fu) versus log(dose), where fa is the fraction affected (CAA unit), and fu is the 

fraction unaffected (1-CAA unit) by the treatment. The EC50 values were stated as the 

mean ± SD for triplicate sets of data obtained from the same experiment. EC50 values 

were converted to CAA values, which are expressed as micromoles of quercetin 

equivalents (QE) per 100 g of FW, using the mean EC50 value for quercetin from at 

least four separate experiments. 

2.2.10 Statistical Analysis 

Statistical analyses were conducted using SigmaPlot Version 11.0 (Systat 

Software, Inc., Chicago, IL) and dose-effect analysis was performed using Calcusyn 

software version 2.0 (Biosfot, Cambridge, U.K.). Results were subjected to ANOVA 

and differences between means were located using Tukey’s multiple comparison test. 

Significance was determined at p < 0.05. All data were reported as the mean ± SD for 

the three replications.  
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2.3 Results 

2.3.1 Total Phenolic Content 

Total phenolic contents of different varieties of asparagus are shown in figure 

3, expressed as milligrams of gallic acid equivalent per 100 g fresh weight. Apollo 

asparagus has the highest content, which is 113.1 ± 4.5 mg GA equiv/100 g FW, 

while Atlas asparagus has the lowest content which is 50. 3 ± 2.7 mg GA equiv/100 g 

FW. The content of other varieties are: Purple passion asparagus (103.6 ± 1.5); 

UC800 asparagus (72.1± 2.8); Crown asparagus (65.5± 3.2); Grande asparagus 

(63.8± 3.9); Green Harvest asparagus (59.3± 3.1); There are significant differences 

among different varieties of asparagus.  

2.3.2 Total Flavonoid Content 

Flavonoid content in samples was determined using the SBC assay is shown 

in figure 4. The results are expressed as milligrams of catechin equivalents per 100 g 

of sample on a fresh weight basis. Apollo asparagus has the highest total flavonoid 

content which is 75.7±5.2 mg catechin equiv/100 g FW; Atlas asparagus has the 

lowest flavonoid content which is 19.0±2 mg catechin equiv/100 g FW. Other 

asparagus flavonoids content are as following: Purple passion asparagus (63.±2.3); 

UC800 asparagus (27.3± 2.1); Crown asparagus (25.4± 2); Grande asparagus (32.6± 

2.8); Green Harvest asparagus (22.3± 1.6). There are significant differences among 

the different varieties of asparagus.  
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2.3.3 Total Antioxidant Activity 

The total antioxidant activities, measured by PSC assay for asparagus are 

presented in figure 5, expressed as μmol of vitamin C equiv/ 100 g fresh weight basis. 

Apollo asparagus has the highest total antioxidant activity which is 507 ± 30.81 μmol 

of vitamin C equiv/ 100 g FW.   Atlas showed the lowest antioxidant activity which is 

300.1 ± 7.67 μmol of vitamin C equiv/ 100 g FW. The PSC value for other asparagus 

are Purple passion asparagus (481.6±13.8); UC800 asparagus (352.± 7.5); Crown 

asparagus (382.7± 13.5); Grande asparagus (440.7± 21.3); Green Harvest 

asparagus (336.4± 5.8). There are significant differences among the different 

varieties of asparagus.  

2.3.4 Antiproliferative activity  

The antiproliferative activities and cytotoxic activities in HepG2 human liver 

cancer cells by different varieties of asparagus are shown in figure 6. All varieties of 

asparagus significantly inhibited the proliferation of HepG2 human liver cancer cells in 

a dose-dependent manner under 100 mg/mL when compared to control. Apollo 

asparagus has the strongest antiproliferative activities; its EC50 is 32.5±2.4 mg/mL. 

For other varieties, the EC50 values range from 33.2 ±1.5 mg/mL (Purple passion 

asparagus) to 53.5± 1.5 mg/mL (Atlas asparagus). The lower the EC50, the stronger is 

the antiproliferative activity.  

2.3.5 Cellular Antioxidant Activity  
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The cellular antioxidant activities of asparagus were measured by the CAA 

assay (226). The EC 50 and CAA Values are listed in figure 7. The CAA values are 

expressed as μmol QE/ 100 g asparagus.  In the no PBS wash groups, Apollo 

asparagus has the highest CAA value which is 32.1 ± 1.8 μmol of QE/100g 

asparagus, and the EC50 is 84.2 ± 3.8 mg/mL; the Grande asparagus has the lowest 

CAA value which is 21.7 ± 2.4 μmol of QE/100 g, the EC50 is 107.9 ± 6.1 mg/mL. In 

the PBS wash group, the results showed a similar pattern; Apollo asparagus has the 

highest CAA value which is 8.4 ± 0.2 μmol of QE/100g, while Grande asparagus has 

the lowest CAA value which is 4.7± 0.5 mol of QE/100g.  
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FIGURE 3 TOTAL PHENOLIC OF VARIOUS ASPARAGUS 

Figure 3. Total Phenolics of Various asparagus varieties (mean ± SD, n=3). Bars with 

no letters in common are significantly different (p < 0.05). 

 

 

 

Appollo

Purple Passion
UC800

Champion
Grande

Green Harvest
Atlas

To
ta

l p
he

no
lic

 c
on

te
nt

 (m
g 

G
A

 e
qu

iv
./1

00
 g

, F
W

)

0

20

40

60

80

100

120

140

    a

      b

     c
        d    d,e

      e

         f



68 

 

FIGURE 4 TOTAL FLAVONOID CONTENT OF VARIOUS ASPARAGUS 

 

Figure 4. Total Flavonoid content of various asparagus varieties (mean ± SD, n=3). 

Bars with no letters in common are significantly different (p < 0.05). 

FIGURE 5 TOTAL ANTIOXIDANT ACTIVITY OF VARIOUS ASPARAGUS 
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Figure 5 Total antioxidant activity of various asparagus varieties (mean ± SD, n=3). 

Bars with no letters in common are significantly different (p < 0.05).

Apollo

Purple Passion
UC800

Champion
Grande

Green Harvest
Atlas

P
S

C
 v

al
ue

s 
(µ

m
ol

 v
ita

m
in

 C
 e

qu
iv

./ 
10

0 
g,

 F
W

)

0

100

200

300

400

500

600

       a
     a

   d

    b

        c

    d
      e



70 

 

  Asparagus extracts (mg/mL)

0 20 40 60 80 100 120

C
el

l P
ro

lif
er

at
io

n 
(%

)

0

20

40

60

80

100

120

Control
Atlas
UC800
Champion
Green Harvest
Grande
Purple Passion
Apollo



71 

 

FIGURE 6 PERCENT INHIBITION OF HEPG2 CELL PROLIFERATION AND CYTOTOXICITY 

Figure 6. Inhibition of cell proliferation (A) and cytotoxicity (B) of HepG2 human liver 

cancer cells by asparagus extracts of the seven varieties (mean ± SD, n =3) 
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FIGURE 7 CAA VALUES OF SEVEN VARIETIES ASPARAGUS 

Figure 7. CAA values of seven varieties Asparagus without PBS wash protocol (A) 

and with PBS wash protocol (B) (mean±SD, n=3). Bars with no letters in common are 

significantly different (p < 0.05). 
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2.4 Discussion  

Epidemiology studies have found that diet is closely correlated with chronic 

diseases risks(227). Specifically, researchers reported that vegetables and fruits 

consumption is inversely associated with the reduced risk of different chronic 

diseases such as CVD, cancer, diabetes, obesity, and Alzheimer disease(228, 229). 

The 2010 Dietary Guidelines for Americans recommend that people should eat two 

and half cups of fruits and vegetables each day to prevent the chronic diseases (230). 

Different reasons explain the health benefits of fruits and vegetables. One is that fruits 

and vegetables contain phytochemicals. Phytochemicals are defined as bioactive 

nonnutrient compounds found in fruits and vegetables associated with reduction of 

chronic diseases(12). Many phytochemicals are antioxidants. They can reduce free 

radicals, which damage cell membranes and DNA, and thus prevent cancer. The 

antioxidants in fruits and vegetables will prevent cancer and chronic disease by 

reducing free radicals.  

Asparagus has been found to contain many nutrients and phytochemicals, 

such as Vitamin C, Vitamin A, Vitamin E, ferulic acid, protodioscin, and 

kaempferol(119). Different studies have found that asparagus can prevent cancer, 

protect neuro function, and reduce CVD(105, 114); however, for different varieties of 

asparagus, which variety has the best health benefits is unknown, hence in this study 

we tried to determine the differences of phytochemicals content, antioxidant activities, 

and anticancer activities among 7 varieties of asparagus.  
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2.4.1 Phenolic content 

Phenolics are produced in the secondary metabolism process in plants; they 

are important for normal human development and when responding to stress 

conditions. Different studies have found that phenolic consumption can reduce risks 

of chronic diseases, including CVD, cancer, and neurodegeneration (231). Phenolics 

have played an important role in the health benefits of fruits and vegetables (222, 

232). Asparagus has been reported to contain high amounts of phenolics, around 80 

mg GA equiv/ 100 g FW (143). In this study, the total phenolic ranges from 50.3 mg 

GA equiv/ 100g FW to 113.1 mg GA equiv/100 g FW, so the results are consistent 

with the previous finding. The study found that green asparagus Apollo and purple 

asparagus Purple Passion have the highest phenolic content, while white asparagus 

Atlas has the lowest phenolic content. These results are similar with the previous 

finding.  Japanese researcher Maeda studied polyphenol concentration of the 

extracts of green, purple, and white asparagus, and found a similar pattern (233). 

Purple asparagus contains many phenolic perhaps because it is rich in anthocyanin. 

White asparagus grows under the soil. Without exposure to light, the phenolics are 

apparently lower than other varieties.   

 

2.4.2 Flavonoids content 
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Flavonoids are the most widely distributed group of phenolics. Flavonoids 

have played an important role in the health benefits of phenolics. In different 

biological and epidemiology studies, flavonoids have been found to possess 

properties of anticancer, antiinflammation, antiallergy, CVD reducing, and antioxidant 

activities (234, 235). Asparagus contains many flavonoids, such as rutin and 

kaempferol. In this study, a new method called SBC developed in our lab was used to 

evaluate the total flavonoid content in asparagus. Previously, the flavonoid content 

was tested by aluminum chloride (AlCl3) colorimetric assay or high performance 

liquid chromatography (HPLC)(216). However, both of these methods have 

limitations. AlCl3 assay can only measure certain types of flavonoids, so it cannot 

reflect the total flavonoids level; HPLC can accurately measure the flavonoids, but it 

can only test individual flavonoid by adding different standard, so it is time consuming 

and costly. And sometimes there are unknown flavonoids in the samples. The SBC 

assay can overcome these limitations. It can detect all kinds of flavonoids, including 

flavones, flavonols, flavanones, flavanols, isoflavonoids, and anthocyanin’s (72). 

According to our study, the total flavonoid content is highest in Apollo asparagus 

(75.79 mg catechin equiv/ 100g FW) and Purple Passion asparagus (63.05 mg 

catechin equiv/100 g FW), while lowest in Atlas asparagus (19.01 mg catechin 

equiv/100 g FW). The pattern is similar with the phenolic content.   

2.4.3 Total antioxidant activity  
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One of the major health benefits from phytochemicals is that they have 

antioxidant activity. In the human body, free radicals oxidation can cause a series of 

chronic diseases, such as CVD and cancer. Phytochemicals can remove free radicals 

to prevent these diseases. Among the seven different varieties of asparagus, green 

asparagus Apollo has the strongest total antioxidant activity; with a PSC value is 

507.5 μmol of vitamin C equiv/100 g FW; Purple Passion has next strongest activity 

with PSC value of 481.6 μmol of vitamin C equiv/100 g FW. The white asparagus 

Atlas has the lowest total antioxidant activity; its PSC value is 300 μmol of vitamin C 

equiv/100 g FW. The antioxidant activity of phytochemicals mainly depends on its 

ability to remove free radicals. Flavonoids are very effective for this; total antioxidant 

activities can be reflected by total flavonoids content to some extent (236). And the 

finding for total antioxidant activities for different variety asparagus are also consistent 

with the previous study (233).  

2.4.4 Antiproliferative activity and cytotoxicity.  

One of the hallmarks of cancer is that cells proliferate without control. 

Therefore antiproliferation is an important factor in studying anticancer activity (237). 

Besides, to make sure the anti-proliferative effect was not caused by cytotoxicity, it is 

necessary to perform cytotoxicity assay. In this study, the HepG2 human liver cancer 

cells are used as the model. As showed in figure 6, the green asparagus Apollo 

showed the strongest antiproliferative effect with EC50 value of 32.51 ± 2.46 mg/mL; 

the second strongest antiproliferative asparagus variety is Purple Passion, and its 
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EC50 value is 33.26 ± 1.5 mg/mL. The white asparagus Atlas has the lowest 

antiproliferative effect, with EC50 value of 53.52 ± 1.58 mg/mL. No cytotoxicity was 

observed for all the concentrations tested for the 7 different varieties of asparagus. 

The antiproliferative effects are consistent with the phenolics content and flavonoids 

content. It may indicate that phenolics and flavonoids played an important role in the 

anticancer effects of asparagus. Currently few studies have compared the 

antiproliferation effects of different varieties of asparagus, so this study enhances our 

understanding of the direct health benefits of different varieties of asparagus.  

2.4.5 Cellular antioxidant activity 

Even though a phytochemical has antioxidant activity in chemical assay, this 

doesn’t mean it is equally active in cells, because many phytochemicals cannot be up 

taken (238). Many chemistry assays do not have similar environment as the biological 

system. To test the real antioxidant benefit of phytochemicals we need to have an 

assay which can take bioavailability, metabolism, and cellular uptake into account. To 

consider these characteristics, the human model or animal model will be most 

accurate; however, they are time consuming and costly and are thus inefficient for 

initially screening for phytochemical antioxidants. Cell models better for initial 

screening as cells are normally easier to grow. In this study, we used CAA assay, an 

assay developed in our lab to test the cellular antioxidant activity (226). This assay 

can mimic the cellular process in the human body to some extent. In this study, the 

CAA value was expressed as μmol QE /100 g FW. For the No PBS wash group, the 
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results are shown in figure 7, and Apollo green asparagus has the highest CAA value, 

which is 32.1 ± 1.3 μmol QE /100 g FW. There are no significant differences among 

the other varieties. The CAA values of these varieties range from 22 ± 1.2 to 24.6 ± 

2.3 μmol QE /100 g FW. The EC50 for Apollo green asparagus without PBS wash is 

84.3 ± 3.8 mg/mL. For the PBS wash group, there was a similar pattern. Apollo green 

asparagus had significantly higher CAA value than the other varieties. Its CAA value 

is 8.4 ± 0.2 μmol QE /100 g FW. The CAA values for other varieties range from 4.8 ± 

0.9 to 6.3 ± 1.2 μmol QE /100g FW,  with no significant differences among them.. 

The EC50 for Apollo green asparagus is 240.69 ± 19.39 mg/mL. The result is 

consistent with the previous finding that the CAA value of asparagus is 4.35 μmol QE 

/100g FW with PBS wash (143). PBS wash group has lower CAA value because the 

final products of antioxidative reaction left outside the cell have been washed away. 

The CAA value is not correlated with the PSC value; it means that not all antioxidant 

reaction happened in the cells. Especially for white asparagus Atlas, although its total 

phenolic and flavonoids content are both the lowest, its CAA value is not. It indicates 

that white asparagus Atlas contains some antioxidants, which are more readily taken 

up by cells than that of other varieties of asparagus.  

2.4.6 Summary 

In summary, asparagus consumption has been associated with reduction of 

different chronic diseases. In this study, the total phenolic content, total flavonoid 

content, total antioxidant activities, antiproliferative activity and cellular antioxidant 
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activities were compared among seven asparagus varieties. All asparagus varieties 

contain high phenolic content (50.3±2.7 to 113.1±4.5 mg GA equiv/100 g FW), high 

total flavonoid content (19 ±2 to 75.7 ± 5.2 mg catechin equiv. 100 g FW); they have 

strong antiproliferative activities, and antioxidant activities in chemical assay and in 

vitro assay. Our findings also indicate that phytochemicals may play an important role 

in the health benefits of asparagus consumption. Of all the varieties we tested, Apollo 

green asparagus and Purple Passion purple asparagus showed the strongest activity. 

Further studies need to be done to find the related reasons and more direct health 

benefits of asparagus for humans.  
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Chapter three Flavonol Kaempferol Inhibited Proliferation and 

Migration of MDA-MB-231 Human Breast Cancer Cells Through 

Down-regulation of MMP-2 Enzyme Activity 

3.1 Introduction 

       Breast cancer is a prevalent disease. According to American Cancer Society 

there were 229,060 new breast cancer cases and 39,920 deaths from breast cancer 

in the US in 2012(239). Globally, around 1,383,500 breast cancer cases and 458,400 

breast cancer deaths are estimated to have occurred in 2008(2). It is reported that 

one eighth of women in the US will develop breast cancer in their life time; breast 

cancer is the second leading cause of death in women (240). Although chemotherapy, 

radiation therapy, and surgery have improved the patients’ survival time (241), side 

effects and reoccurrence often come along with them. Thus, new preventive 

strategies and alternative treatments for breast cancer are needed.  

      Vegetable and fruit consumption have been found inversely associated with 

breast cancer risk (99, 216, 242). Phytochemicals are suggested to play the key role 

in the cancer preventive effects of fruits and vegetables (12, 243). As natural 

ingredients, phytochemicals are a safe and effective alternative agent for breast 

cancer treatment.  

      The flavonoid kaempferol is a widely distributed phytochemical in fruits and 

vegetables. It has been found to possess a variety of anti-cancer properties. Studies 
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reported that kaempferol can suppress breast cancer cells by inducing apoptosis, 

regulating ROS level, reducing estrogen activities and other mechanisms (48, 159, 

181). However, there is little evidence for anti-migration and anti-metastasis effects of 

kaempferol on breast cancer. Recently more and more scientific evidence suggests 

that anti-migration and anti-metastasis can be an effective way to inhibit breast 

cancer (48, 244).  Because human breast cancer migration takes years to happen, 

anti-migration can be a good target for cancer prevention using phytochemicals, 

which mostly are consumed from daily diet(245). Thus, the study on kaempferol’s 

effect on breast cancer migration and its related mechanism is greatly needed.   

      In this study, to test the anti-proliferative activity and cytotoxicity of kaempferol 

on MDA-MB-231 human breast cancer cells, we used a modified methylene blue 

assay developed in our lab (224). We also studied the anti-migration effect of 

kaempferol on MDA-MB-231 human breast cancer cells by scratch assay. Then we 

used a zymography assay to investigate the effect of kaempferol on matrix 

metalloproteinase-2 (MMP-2) enzyme of MDA-MB-231 cells. Furthermore, we 

determined the effect of kaempferol on transformation of MBA-MD-231 human breast 

cancer cells by soft agar assay. We accomplished our objective to determine the 

mechanism of action of kaempferol on migration and metastasis in MDA-MB-231 

human breast cancer cells. 

3.2 Materials and Methods 
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3.2.1 Chemicals 

       α-Minimum Essential Medium Alpha Medium (MEM), Hepes, insulin, fetal 

bovine serum (FBS), gentamicin, penicillin and streptomycin were purchased from 

GIBCO (Life Technologies, Grand Island, NY). Hepatocyte growth factor (HGF), 

kaempferol, gelatin, and agarose were purchased from Sigma-Aldrich (St Louis, MO, 

USA). All other reagents used in the study were of analytical grade. 

3.2.2 Cell culture 

      MDA-MB-231 human breast cancer cells were obtained from American Type 

Culture Collection (ATCC, Rockville, MD). MDA-MB-231 human breast cancer cells 

were cultured in α-MEM containing 10 mM Hepes, 10 g/mL insulin, 50 units/mL 

penicillin, 50 g/mL streptomycin, 100 µg/mL gentamicin, and10% FBS as described 

previously(246). Cells were incubated at 37°C with 5% CO2, and were seeded and/or 

subcultured when they were in exponential growth phase (224). 

3.2.3 Cytotoxicity evaluation 

      The cytotoxicity of kaempferol against MDA-MB-231 human breast cancer 

cells was determined by methylene blue assay as previously described (224, 238). 

Cells in 100 µL fresh medium were plated in 96 wells plate with the concentration of 4 

x 104 cells/ well. After 24 hours incubation with37 °C and 5% CO2, growth medium 

was removed and cells were treated with 100 µL fresh medium with different 

concentrations of kaempferol as samples or only dimethyl sulfoxide (DMSO) as 



84 

 

control. After another 24 hours incubation, cells were washed with 100 µl 

phosphate-buffered saline (PBS), and 50 µl methylene blue staining buffer (98% 

Hanks Balanced Salt Solution (HBSS), 0.67% glutaraldehyde, 0.6% methylene blue) 

was added to each well, and incubated for 1 hour. Then the methylene blue staining 

solution was removed, and the plate was washed with deionized water three times. 

After the wells were dry, a volume of 100 µl elution buffer (1% (v/v) acetic acid, 49% 

(v/v) PBS, and50% (v/v) ethanol) was added per well. The plate was then put on a 

bench shaker for 20 minutes until the buffer was uniform. At the end, the absorbance 

was read at 570 nm using a MRX Microplate Reader (Dynex Technologies, Inc., 

Chantilly, VA).Cytotoxicity was measured as percentage compared to control. More 

than 10% cells number reduction was considered to be cytotoxic. All measurements 

were conducted in triplicate. 

3.2.4 Antiproliferative activity evaluation 

       The antiproliferative activity toward MDA-MB-231 human breast cancer cells 

was assessed by methylene blue assay reported previously (224, 232). 100 µl fresh 

medium with cells were seeded in 96 well at the concentration of 2.5 x 104cells/well. 

After 6 hours incubation with 37 °C and 5% CO2, the growth medium was removed 

and the cells were treated with 100 µl fresh medium with different concentrations of 

kaempferol as samples or only dimethyl sulfoxide (DMSO) as control. After 72 hours 

incubation, cell proliferation was determined by methylene blue assay at absorbance 
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of 570 nm (224). Antiproliferative activity was measured as percentage compared to 

control. All measurements were conducted in triplicate.  

3.2.5 Cell migration examination (Scratch Assay) 

       Cell migration of MDA-MB-231 human breast cancer cells was determined by 

scratch assay (244). Briefly, 1.5 mL fresh medium with MDA-MB-231 human breast 

cancer cells were plated in a six-well plate at a concentration of 5 x 105 cells/well. The 

plate was incubated for 24 hours at 37 °C with 5% CO2 to allow cells to grow 

confluent, and the medium was then replaced with 1.5 mL Serum free medium (SFM) 

to starve cells for 24 hours. Then the conditioned medium was removed. The mono 

cells layer was scratched using a 200 µl pipette tip. Cells debris were washed out by 

warm PBS twice, then different concentrations of kaempferol in 1.5 mL warm SFM 

with or without HGF (40 ng/mL) were added to each well. Cells pictures were taken at 

three marked sites per well at 0 hour, 12 hours and 24 hours by digital camera under 

an inverted microscope. Cell migrations rate were calculated by the following formula: 

rate (%) = B/A x 100, where A is the area of beginning scratch, and B is the 

uncovered area at 12 or 24 hours. The area was analyzed by Adobe Photoshop CS 5 

(Adobe Systems Inc. California, USA) 

3.2.6 Matrix metalloproteinase-2 (MMP-2) activity analysis 

        Zymography assay was conducted using the method described previously 

(247) with a modification. Briefly, MDA-MB-231 cells were seeded in a 6 well plate 
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with SFM at a density of 1 x 106 cells/well. After 24 hours starvation in incubator with 

37 °C and 5% CO2, cells were treated with different concentrations of Kampferol with 

HGF (40 ng/mL) and incubated for 24 hours. The medium was then harvested and 

centrifuged for 3 minutes at 1000~1100 RPM, and the supernatants were collected 

and mixed with loading buffer ( 2% sodium dodecyl sulfate (SDS), 0.1% bromophenol 

blue, 40% glycerol, 50% ammediol solution ). 20 µl samples were loaded on 10% 

acrylamide gel with gelatin (0.8 mg/mL) and without SDS. After gel was run for 1 hour 

at 150 V, it was washed four times with 20 mL enzyme renaturing buffer (200 mM 

NaCl, 5 mM CaCl2, 0.7 µM ZnCl2, 2.5% (v/v) Triton X-100,0.02% (w/v) NaN3, and 50 

mM Tris, pH 7.5) for 15 minutes each time with gentle agitation at room temperature. 

Then it was transferred to developing buffer (Renaturing buffer without Triton X-100) 

and agitated on shaker for 1 hour. After the gel was incubated in incubator for 20 

hours at 37 °C, the developing buffer was decanted. The gel was stained by staining 

solution (0.125% Coomassie brilliant blue, 1.25 L methanol, 0.5 L acetic acid, and 

0.75 L water) for 20 minutes and then destained by destaining solution (1.5L 

methanol, 3.5 L water, and 50 mL formic acid) until clear bands were visible. Bands 

were visualized on scanner and quantified by ImageJ software version 1.46r (Wayne 

Rasband, National Institutes of Health, Maryland, USA). MMP-2 activity was 

expressed as percentage compared to control. All measurements were conducted in 

triplicate.  

3.2.7 Cell transformation investigation 
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        The effect of kaempferol on MDA-MB-231 human breast cancer cell 

transformation was investigated by soft agar assay(248). Briefly, 3% sterilized agrose 

solution was microwaved for 30-45 seconds to dissolve well and kept in 55°C water 

bath. Then it was mixed with SFM and FBS to form 10% FBS, 0.6% agrose solution. 

2 mL such solution was applied to each well of 6 well plates. The base layers were 

formed 1 hour after the solution solidified in 37°C hood. For the cell layer, MDA 

human breast cancer cells were harvested and diluted in SFM to concentration of 12 

x 103 cells/mL; 3% agrose solution was taken out from 55°C into 42°C water bath to 

lower the temperature for a while, then it was mixed with FBS, SFM and kaempferol 

to form 20% FBS, 0.6 % agarose, and different concentrations of kaempferol solution 

which include 0, 40, 80, and 120 µM. Then 2 mL cell solution and 2 mL kaempferol 

agarose solution was mixed, and then it was distributed 1 mL per well on the top of 

the base layer in triplicate. The final cell layers contain 6 x 103 cells in medium with 

0.3% agarose and 0, 20, 40, and 60 µM kaempferol.  The plate was kept horizontal 

for 15 minutes in 37°C hood and 15 minutes in 4°C refrigerator. After layers were 

solidified, the plates were placed into an incubator with 37 °C and 5% CO2.The 

cultures were fed once a week with 0.3% agarose medium containing different 

concentrations of kaempferol. The colonies were then observed under 40X final 

magnification inverted microscope, and the number of colonies with diameter larger 

than 50 µm was counted at 4th week.  The colonies were also microscope 

photographed for random 9 fields 2 weeks, 3 weeks, 4 weeks and 5 weeks after 
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plating to analyze the colonies grade. Colonies with diameter of n x 50 µm were given 

a grade n. The colony grade under each concentration of kaempferol was then 

quantified as colony grade per 1000 cells in triplicate.    

3.2.8 Statistical analysis 

       Statistical analyses were performed using Sigmaplot software version 11.0 

(Systat Software, Inc. Chicago, IL) and dose-effect analysis was performed using 

Calcusyn software version 2.0 (Biosoft, Cambridge, UK). Data were statistically 

analyzed by JMP software version 9.0.2 (SAS Institute Inc. North Carolina, USA) and 

presented as mean ±standard deviation (SD) for at least three replicates. Significance 

was determined at p value of <0.05 by analysis of variance (ANOVA) followed by 

student’s t test. 

 

3.3 Results 

3.3.1 Antiproliferative activities and cytotoxicity of Kaempferol towards MDA-MB-231 

human breast cancer cells  

      The antiproliferative activities and cytotoxicity of kaempferol was determined 

by treating MDA-MB-231 human breast cancer cells with various concentrations 

(0-100 µM). Compared to the control, which was DMSO treated alone, there was no 

cytotoxicity observed for kaempferol for MDA-MB-231 cells at concentrations lower 

than 100 µM (Figure 8). Kaempferol exhibited significant antiproliferative activity in a 
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dose-dependent manner; it inhibited cell proliferation by 38.6± 2.9% at the 

concentration of 100 µM (Figure 8).  

3.3.2 Effects of Kaempferol on migration activities of MDA-MB-231 human breast cancer 

cells 

      Because MDA-MB-231 human breast cancer cells are highly invasive, we 

investigated the effects of kaempferol on the HGF-induced migration activities of 

MDA-MB-231 cells by scratch assay. 12 h or 24 h after the monolayers were 

scratched, the HGF+DMSO treated group showed a much higher migration rate than 

no HGF treated and HGF+Kaempferol treated groups (Figure 9A). The migration rate 

is calculated as stated in method. After wounding for 12 and 24 h, three pre-marked 

spots in each well were chosen, and the area in each spot was analyzed by 

Photoshop CS 5. The results showed that under 20 µM and 40 µM kaempferol 

treatments, cell migration was inhibited by 60.1 ± 11.6% and 70.8 ± 6.3%, while in 

control group it was inhibited by 9.13 ± 1.16% at 24 hours (Figure 9B). 

 

3.3.3 Inhibition of MMP activities of MDA-MB-231 human breast cancer cells by 

kaempferol.    

     MMP played an important role in cancer metastasis by digesting the 

extracellular matrix, which is required for constant remodeling when the cancer cells 

invade and migrate (247). The effects of kaempferol on MMP activities of 
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MDA-MB-231 human breast cancer cells were evaluated by zymography assay. After 

24 h treatment with kaempferol and 24 h enzyme activity, the gelatin gel which is the 

substrate of MMP-2 was stained, and then it was destained a couple of times until 

there were clear bands visible on the gel. The results showed that as the kaempferol 

concentrations increased; the bands became smaller. MMP-2 enzyme expressions 

were inhibited by kaempferol significantly in a dose-response manner (Figure 10A). 

The results were also quantified by analyzing the band area by ImageJ software. 

Enzyme inhibition activities were expressed as peak of band at different 

concentrations compared with that of control. At concentrations of 20, 40, 60 µM, the 

MMP-2 enzyme activities were inhibited by 48.4 ±9.9, 66.2 ± 7.6, 89.6 ± 4.6% when 

compared to the control (Figure 10B).  

3.3.4 Effect of kaempferol on MDA-MB-231 human breast cancer cells transformation 

      For normal cells the interactions between them will suppress the cells 

overgrowth, while transformed cells have lost these contact inhibitions. Normal cells 

need to attach to a solid surface to grow; however the transformed cells become 

anchorage independent(248). Thus soft agar assay is a good model to study 

transformation of cells. 4 weeks after plating the cells, colonies were formed in the top 

soft agar layer. The numbers of colonies with diameter larger than 50 µm were 

significantly decreased by kaempferol in a dose-response manner (Figure 11A). 

Treated with 0, 20, 40, and 60µM kaempferol, the colonies numbers were 394 ± 13, 

306 ± 34, 249 ± 7, and 193 ± 12 (Figure 11B). Moreover, after taking the size of the 
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colonies into consideration, the suppression effect was even more obvious.  At 4th 

week, the colony grade was inhibited to 143.9 ± 4.6 compared with the control which 

is 410.6 ± 15.1 (Figure 11C). 
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Figures 

FIGURE 8 EFFECT OF KAEMPFEROL ON CELL PROLIFERATION AND CYTOTOXICITY IN MDA-MB-231 CELLS 

 

Figure 8. Effect of kaempferol on cell proliferation and cytotoxicity in MDA-MB-231 

human breast cancer cells (mean ±SD, n =3). Values marked with * are significantly 

different compared to the control (p < 0.05). 
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BFigure 9 Evaluation of kaempferol on HGF-stimulated cell motility 

 

Figure 9. Evaluation of kaempferol on HGF-stimulated cell motility in MDA-MB-231 

human breast cancer cells. (A) Confluent monolayers were scratched with a 200 µl 

plastic pipette tip and incubated in SFM in presence of either with or without HGF (40 

ng/mL), and HGF plus Kaempferol ( 20 µM and 40 µM ) for 0 h, 12 h, 24 h. The 

results were observed under phase contrast microscope and photographed. (B) The 

uncovered scratch area is determined by Photoshop CS5, and wound closure rate is 

calculated by closed scratched area at different time divided by original scratched 

area. Bar graphs indicate quantification of at least three scratches. Bars with no 

letters in common are significantly different (p < 0.05). 
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FIGURE 10 EVALUATION OF KAEMPFEROL ON MMP-2 ENZYME ACTIVITY 

 

Figure 10. Evaluation of kaempferol on MMP-2 enzyme activity. (A) Inhibition of 

MMP-2 activity in SFM from MDA-MB-231 human breast cancer cells treated with 

HGF (40 ng/mL) and Kaempferol (0, 20, 40, 60 µmol/L) for 24 h was evaluated via 

gelatin zymography. Equal amounts of sample were run on 10% acrylamide gels and 

stained with Coomassie blue. Bands were visualized by camera. (B) Results are 

Concentrations of Kaempferol (µΜ)

0 20 40 60

R
el

av
an

t M
M

P
-2

 E
nz

ym
e 

ac
tiv

ity

0.0

.2

.4

.6

.8

1.0

1.2

a

b

c

d



96 

 

analyzed by Image J software. Data is presented as the treatment blank area divided 

by 0 µM concentration treatment blank area. Bar graphs indicate quantification of at 

least three separate zymography. Bars with no letters in common are significantly 

different (p < 0.05). 
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FIGURE 11 DIFFERENT CONCENTRATIONS OF KAEMPFEROL INHIBIT THE MDA-MB-231 BREAST CANCER CELLS COLONY FORMATION IN 

SOFT AGAR 
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Figure 11. Different concentrations of kaempferol inhibit the MDA-MB-231 human 

breast cancer cell colony formation in soft agar. Single cell suspensions of 6x103 

MDA-MB-213 cells were seeded in soft agar as described in materials and methods. 

Colonies were microscopic fields photographed (40 X final magnification) 4 weeks 

after plating.  (A) Photographs of representative microscopic fields containing 

colonies that developed in soft agar. (B)The numbers of colonies with diameter more 

than 50 µm were counted. Values indicate quantification of at least three separate 

wells. Bars with no letters in common are significantly different (p < 0.05) (C) Colonies 

were also microscopic fields photographed for 9 random fields 2 weeks, 3 weeks, and 

4 weeks after plating. Colonies with diameter of n x 50 µm was given a burden grade 

n. The values were quantified as colony grade per 1000 cells in triplicate. 
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3.4 Discussion 

      It is reported that the incidence and mortality of breast cancer in Asia is lower 

than that in Western countries (2). One possible explanation is that Asians consume 

more plant food that is rich in flavonoids. Indeed, recent studies have found 

vegetables and fruits consumption are linked to a reduced risk of developing breast 

cancer (10, 216, 249). And phytochemicals are considered the major components to 

cause this effect (215). Flavonoid Kaempferol is commonly found in vegetables, fruits, 

and other edible plants. Epidemiology studies have reported that daily intake of 

kaempferol significantly decreased the risk of lung cancer, pancreatic cancer , and 

advanced adenoma recurrence (133-135). It had also been found to possess various 

anti-cancer properties in animal studies and in vitro studies. Kaempferol can prevent 

colorectal carcinoma in rats by its antioxidative ability, inducing apoptosis and 

modulating the estrogen activities in MCF-7 human breast cancer cells (137, 159, 

181). However, there are few studies about kaempferol’s effects on breast cancer 

migration. Hence here we investigated anti-migration ability of kaempferol on 

MDA-MB-231 human breast cancer cells.  

3.4.1 Antiproliferative activity of kaempferol towards MDA-MB-231 human breast cancer 

cells                     

Unlimited proliferation is a one of the hall marks of cancer cells(250); 

therefore, halting the proliferation is an efficient way to prevent cancer. In many 

studies phytochemicals have been found to slow the proliferation of breast cancer 
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cells, and showed no or very mild cytotoxicity. In this study, cytotoxicity of kaempferol 

was not observed in MDA-MB-231 human breast cancer cells when the concentration 

of kaempferol was lower than 100 µM. This is consistent with a previous study (48).  

When kaempferol concentration is increased to 100 µM, the inhibition rate is 38.6 ± 

2.9%.  

3.4.2 Anti-migration effect of kaempferol in MDA-MB-231 human breast cancer cells                  

It is well documented that cancer cells may be nongrowing in human body for 

a long time. They will locate within 0.2 mm from blood vessels. Since the oxygen 

supplied by the blood vessels can only diffuse to this distance, the cells situated 

further than this radius will suffer hypoxia and become necrotic(251, 252). In addition, 

cancer cells also need effective interactions with blood vessels to acquire nutrients 

and excrete waste. To overcome this hindrance and continue growing, cancer cells 

need to stimulate angiogenesis, and then migrate to a better environment. This 

angiogenesis and migration process has been found very similar to the wound 

healing process of normal tissue(253). Hence scratch assay (wound healing assay) is 

a very good model to investigate the migration characteristics of cancer cells. In our 

study, kaempferol showed strong inhibitory effect on movement of cancer cells in 

scratch assay in a dose-response manner. After the cells were scratched by 200 ul 

pipette, cells tried to close this area at different speeds; at 24 h, the HGF induced 

control group without kaempferol treatment almost covered the scratch area, while 

the treatment group left most of the area blank. Compared to control which inhibited 
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migration by 9.13 ± 1.16%, 20 and 40 µM kaempferol inhibited cell  migration by 

60.1 ± 11.6 and 70.8 ± 6.3% at 24 h after the scratch. Although no previous data that 

showed kaempferol’s effect on scratch motility of MDA-MB-231 human breast cancer 

cells, kaempferol showed its anti-migration ability in another assay (48, 172), and our 

results showed kaempferol’s anti-migration effect in a further step.  

3.4.3 MMP inhibition effect of kaempferol in MDA-MB-231 human breast cancer cells      

        To induce new blood vessel formation, at some point in time cancer cells 

acquire the ability to release the angiogenic factors such as vascular endothelial 

growth factor (VEGF) and fibroblast growth factor (FGF). These angiogenic factors 

will work on endothelial cells, and then angiogenesis can begin. However, angiogenic 

factors alone are not enough to begin the process, since ECM will block these factors 

and prevent them contacting with endothelial cells. The 'angiogenic switch' will be 

turned on until the ECM is broken down by MMP (254). Besides, MMP can also 

degrade and remodel the ECM. This is very important in the process of 

epithelial-mesenchymal transition which enables cancer cells to become invasive and 

acquire motility (255). Thus inhibition of MMP is an effective way to inhibit tumor 

migration and metastasis. MMP-2 is a member of MMP family. It is found largely 

expressed in different tumors and can degrade laminin which is an important 

component of ECM. Inhibition of MMP-2 activity will slow the cancer cell growth (256). 

There are already some angiogenic drugs which are matrix metalloproteinases 

(MMPs) inhibitors in clinical trials(257). Recently many studies also found food or its 
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active compound to possess such potential. Grape extracts of 4 varieties showed 

they can inhibit the expression of MMP-2 in HUVE cells (247). 

Epigallocatechin-3-gallate (EGCG) can down-regulate MMP-2 level in MCF-7 human 

breast cancer cells (64). Soy isoflavone genistein inhibited the MMP-2 expression in 

HCC 1395 breast cancer cells (258). In our study, kaempferol significantly 

suppressed the MMP-2 activity in a dose-dependent manner. 60 µM kaempferol 

inhibited the MMP-2 enzyme activity by 89.6 ± 4.6% compared to the control.  

3.4.4 Kaempferol’s effect on transformation of MDA-MB-231 human breast cancer cells  

      The process of cell migration involves many heterotypic interactions between 

different cells. To stimulate angiogenesis, communications among platelets, 

neutrophils, mast cells, lymphocytes and other cells are needed. In normal tissues, 

these interactions create a balanced environment where cells will not overgrow. 

However, cancer cells have overcome this barrier and they become independent from 

these interactions (250). In addition, transformation of cancer cells is a prerequisite 

for cancer migration. Thus it can help explain kaempferol’s effect on MDA-MB-231 

human breast cancer cell transformation and further migration by using soft agar 

assay. Previously, kaempferol has been found to inhibit EGF-induced colony 

formation of JB6 C141 cells and immortalized lung epithelial (BEAS-2B) cells in soft 

agar (203, 259). But there has been no research studying its effect on breast cancer 

cells. In our study, kaempferol decreased colony numbers and size in a 

dose-dependent manner; 4 weeks after plating, 60 µM kaempferol inhibited the 
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colony number by 49.1± 4.8%. We also found that kaempferol inhibited colony grade, 

which considers both the number and size factors, by 35.1± 2.5%. 

3.4.5 Summary 

In summary, kaempferol can be used as a potential chemopreventive 

compound for breast cancer. It can slow proliferation, inhibit migration, and suppress 

transformation of MDA-MB-231 human breast cancer cells.  
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Chapter four Kaempferol Inhibits Proliferation of MCF-7 Human Breast Cancer 

Cells through Suppressing Expression of Estrogen Receptor alpha and Regulating 

P38/MAP Kinase Signal Transduction Pathway 

4.1 Introduction  

Breast cancer is the second leading cause of cancer deaths in women in the 

US. According to American Cancer Society 1,665,540 new cancer cases and 585,720 

cancer deaths are estimated to occur in the United States in 2014(1). Globally, 

around 12.7 million cancer cases and 7.6 million cancer deaths are estimated to have 

occurred in 2008. One in eight women will develop breast cancer in her lifetime(2). 

Currently there are several kinds of breast cancer treatments such as radiotherapy, 

surgery, adjuvant chemotherapy, monoclonal antibody immunotherapy, and hormone 

therapy. Although these treatments are effective to some extent, there are always 

side effects, including drug resistance, depression of immune system, fatigue, 

tendency to bleed easily, gastrointestinal distress, and hair loss (260). Hence, an 

alternative treatment is urgently needed. Epidemiological studies have shown that 

regular consumption of fruits and vegetables could reduce the risk of breast cancer. A 

EPIC study in Italy demonstrated that consumption of vegetables and fruits 

significantly decreased breast cancer risk among 31,000 women after a median 

follow-up of 11.25 years (261). Phytochemicals are bioactive nonnutrient plant 

compounds in fruits, vegetables, grains, and other plant foods that have been linked 

to reducing the risk of major chronic diseases (12). They have been suggested to be 
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responsible for the anticancer effects of fruits and vegetables(12). Flavonoids are a 

large group of phytochemicals found in vegetables and fruits; they are secondary 

metabolites in plants. Regular consumption of flavonoids has been found to reduce 

cancer risk. In a longitudinal study, 9959 subjects were followed from 1967 to 1991. 

Total flavonoid consumption was found to significantly reduce the incidence of all 

types of cancers (highest vs. lowest quartile RR 0.8; 95% CI 0.67-0.96) (262).  

About 75% of breast cancers grow in response to the growth hormone; these 

are called endocrine receptor positive (ER positive) cancer. Because they have this 

characteristic, the common hormone therapy is effective to treat these cancers. 

However, because there are side effects, we need to find some alternative, natural, 

and safe sources for breast cancer prevention.  Phytoestrogens is a group of 

phytochemicals in plants. They have a similar structure as estrogen, but their 

activities are much weaker. So by routinely consuming the phytoestrogen, breast 

cancer risk can be reduced. In a case control study, the researchers studied soyfood 

consumption during adolescent period in Chinese women and the breast cancer risk 

later in their life. They found that adolescent soyfood intake was inversely associated 

with breast cancer risk (P for trend < 0.001) (263). Kaempferol is one of the most 

widely distributed flavonoids and phytoestrogens in plants. It is normally found in 

asparagus, broccoli, leek, onion, apples, and other plant foods. It has been reported 

to have different anti-cancer properties, such as antioxidants, cell cycle arrest, 
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apoptosis induction, anti-inflammation, and phytoestrogen (48, 159, 181). However, 

the mechanism for its phytoestrogen health effect is not completely understood.  

In this paper we studied the antiproliferative activity and cytotoxicity of 

kaempferol against MCF-7 human breast cancer cells using the methylene blue 

assay developed in our laboratory. We also investigated the effects of kaempferol on 

cell signaling transductions in MCF-7 human breast cancer cells by Western Blot 

assay. Our objective was to determine the mechanisms of action of kaempferol in 

inhibiting cell proliferation in MCF-7 human breast cancer cells. 

4.2 Materials and Methods 

4.2.1 Chemicals.  

α-Minimum Essential Medium (MEM), Hepes, insulin, fetal bovine serum 

(FBS), gentamicin, penicillin and streptomycin were purchased from GIBCO (Life 

Technologies, Grand Island, NY). Methanol, phosphate-buffered saline (PBS), 

sodium hydroxide and xylene were purchased from Fisher Scientific (Pittsburgh, PA). 

Kaempferol, Estradiol alpha, folin-Ciocalteu reagent, hyrdrochloric acid, Igepal, and 

SB203580 were purchased from Sigma Chemical Co. (St. Louis, MO). Ultrapure Tris 

(base) and Tris (acid) were purchased from J. T. Baker (Phillipsburg, NJ). All other 

reagents used in the study were of analytical grade. 

4.2.2 Cell culture.  
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MCF-7 human breast cancer cells were obtained from American Type Culture 

Collection (ATCC, Rockville, MD), and cultured  in α-MEM containing 10 mMHepes, 

10 g/mL insulin, 50 units/mL penicillin, 50 g/mL streptomycin, 100 µg/mL gentamicin, 

and10% FBS as described previously(246). Cells were incubated at 37°C with 5% 

CO2, and were seeded and/or subcultured when they were in exponential growth 

phase (224). 

4.2.3 Cytotoxicity evaluation 

      The cytotoxicity of kaempferol against MCF-7 human breast cancer cells was 

determined by methylene blue assay as previously described (224, 238). Cells in 100 

µl fresh medium were plated in 96 wells plate with the concentration of 4 x 104 cells/ 

well. After 24 hours incubation with 37 °C and 5% CO2, the growth medium was 

removed and cells were treated with 100 µl fresh medium with different 

concentrations of kaempferol as samples or only dimethyl sulfoxide (DMSO) as 

control. After another 24 hours incubation, cells were washed with 100 µl 

phosphate-buffered saline (PBS). 50 µl methylene blue staining buffer (98% Hanks 

Balanced Salt Solution (HBSS), 0.67% glutaraldehyde, 0.6% methylene blue) was 

added to each well, and they incubated for 1 hour. Then the methylene blue staining 

solution was removed, and the plate was washed with deionized water three times. 

After the wells were dry, a volume of 100 µl elution buffer (1% (v/v) acetic acid, 49% 

(v/v) PBS, and50% (v/v) ethanol) was added per well. The plate was then put on a 

bench shaker for 20 minutes until the buffer was uniform. At the end, the absorbance 
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was read at 570 nm using a MRX Microplate Reader (Dynex Technologies, Inc., 

Chantilly, VA).Cytotoxicity was measured as percentage compared to control. More 

than 10% cells number reduction was considered to be cytotoxic. All measurements 

were conducted in triplicate. 

4.2.4 Antiproliferative activity evaluation 

      The antiproliferative activity toward MCF-7 human breast cancer cells was 

assessed by methylene blue assay as reported previously (224, 232). 100 µl fresh 

medium with cells were seeded in 96 wells at the concentration of 2.5 x 104 cells/well. 

After 6 hours incubation with 37 °C and 5% CO2, the growth medium was removed 

and cells were treated with 100 µl fresh medium with different concentrations of 

kaempferol as samples or only dimethyl sulfoxide (DMSO) as control. After 72 hours 

incubation, cell proliferation was determined by methylene blue assay at absorbance 

of 570 nm (224). Antiproliferation activity was measured as percentage compared to 

control. All measurements were conducted in triplicate.  

4.2.5 Preparation of protein samples. 

      Protein samples of cells were obtained using the method as reported 

previously in our laboratory (264). Briefly, MCF-7 human breast cancer cells were 

seeded at a density of 0.5 × 106 cells/well in 6-well-plate and treated with different 

concentrations of kaempferol (0, 25, 50 and 75 μM) after 8 h attachment. After a 24 h 

of incubation, growth media were removed, and cells were washed twice with ice-cold 
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PBS, and then cells were scraped off and collected at a centrifuge of 12000 g for 5 

min at 4 °C. Each treatment was triplicated in six wells, and the cells receiving the 

same level of treatment were combined together for protein extraction and further 

Western Blot analysis. 

Harvested cells were lysed using lysis buffer (50 mM Tris, pH 7.4; 1% Igepal; 

150 mM sodium chloride; 1 mM EDTA) with protease inhibitors (1 μg/mL aprotinin; 1 

μg/mL leupeptin; 1 μg/mL pepstain; 1 mM PMSF; 1 mM sodium orthovanadate; 1 

mM sodium fluoride). Cell lysates were placed on ice for 30 min with vortex every 5 

minutes to facilitate protein extraction. The lysates were then centrifuged at 12000 g 

for 15 min at 4 °C. The supernatants were collected for protein concentrations by 

Lowry protein assay using a Sigma Diagnostics Micro Protein Determination Kit and a 

Dynex Microplate Reader (Dynex Technologies, Inc., Chantilly, VA) as described 

previously (265). 

4.2.6 Western Blot assay.  

Western Blot analysis were conducted using the method as described 

previously (266) with a modification (246). All of the cellular proteins were subjected 

to electrophoresis on 10% Sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE). Lysate proteins after separation were transferred onto 

an Polyvinylidene fluoride (PVDF) membrane, and the membrane was blocked in 5% 

nonfat dry milk in TBST (Tris-base buffer solution containing of 0.1% Tween 20) at 

room temperature for two hours and incubated with primary antibodies (diluted in 1% 



111 

 

nonfat dry milk and TBST) overnight at 4 °C. Membranes were then rinsed three 

times with TBST and incubated for 2h with a corresponding secondary antibody 

diluted in the antibody buffer. After subsequent washing with TBST and deionized 

water, membrane-bound antibodies were visualized by the Enhanced 

Chemiluminescence kit (Cell Signaling Technology, Inc., Beverly, MA) according to 

the manufacturer’s instruction. Protein band intensity was determined with integrated 

optical densitometry using Labworks gel imaging and analysis software as described 

previously (265).  

In this study, mouse monoclonal primary antibodies against human 

proliferating cell nuclear antigen (PCNA), CDK-4, Cyclin D1, p21, estrogen 

receptor-alpha(ER α ), p-p53 and their corresponding secondary antibody, 

anti-mouse IgG-HRP conjugate, and rabbit polyclonal antibodies against p-p38,were 

purchased from Santa Cruz Biotechnology Co. (Santa Cruz, CA).  Anti-rabbit 

IgG-HRP conjugate was purchased from Sigma Chemical Co. (St. Louis, MO). The 

expression of beta-actin was used as an internal standard control.  

4.2.7 Statistical analysis 

Statistical analyses were performed using Sigmaplot software version 11.0 

(Systat Software, Inc. Chicago, IL) and dose-effect analysis was performed using 

Calcusyn software version 2.0 (Biosoft, Cambridge, UK). Data were statistically 

analyzed by JMP software version 9.0.2 (SAS Institute Inc. North Carolina, USA) and 

presented as mean ±standard deviation (SD) for at least three replicates. Significance 
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was determined at p value of <0.05 by analysis of variance (ANOVA) followed by 

student’s t test. 

4.3 Results: 

4.3.1 Antiproliferative activities and cytotoxicity of Kaempferol towards MCF-7 human 

breast cancer cells  

      The antiproliferative activities and cytotoxicity of kaempferol was determined 

by treating MCF-7 human breast cancer cells with various concentrations (0-100 µM; 

Figure 12). Compared to the control, which is DMSO treated alone, there was no 

cytotoxicity observed for kaempferol for MCF-7 human breast cancer cells at 

concentration lower than 100 µM (Figure 12). Kaempferol exhibited significant 

antiproliferative activity in a dose-dependent manner; it inhibited cell proliferation by 

77.1% ± 0.58% at the concentration of 100 µM. The EC50 value of kaempferol’s 

antiproliferative activity toward MCF-7 human breast cancer cells was 56.3 µM. 

4.3.2 Effects of kaempferol on expression of proteins involved in the proliferation and 

cell cycle in MCF-7 human breast cancer cells.  

To confirm the antiproliferative effect of kaempferol on MCF-7 human breast 

cancer cells, we tested the expression of proliferating cell nuclear antigen (PCNA), 

the marker of cell proliferation. As shown in Figure 13A, kaempferol inhibited PCNA 

level in MCF-7 cells in a dose-dependent manner. The PCNA expression in the 

MCF-7 cells treated with kaempferol was inhibited by 63% at a concentration of 75 
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µM kaempferol, indicating a direct antiproliferative effect of kaempferol during the 

DNA synthesis phase of the cell cycle in MCF-7 human breast cancer cells. To further 

investigate the modulation of other cell cycle proteins, we also examined the 

expression of Cyclin D1 and CDK-4 in the MCF-7 human breast cancer cells by 

kaempferol treatment. The expression of Cyclin D1 and CDK-4 were significantly 

down-regulated in a dose-dependent manner with the treatment of kaempferol 

(Figure 13B and Figure 13C). At a concentration of 75µM kaempferol, the Cyclin D1 

level was inhibited by 72% and CDK-4 level was inhibited by 57%.  

4.3.3 Regulation of proteins involved in the P38/MAPK pathway 

We first investigated whether p21 and phosphorylated-p53 (p-p53) was 

involved in cell cycle control in kaempferol-treated MCF-7 human breast cancer cells. 

Kaempferol significantly increased the expression of p21 and p-p53 in MCF-7 human 

breast cancer cells when compared to the control (Figure 14A and Figure 14B). 75 

µM kaempferol significantly increased the p21 protein level by 37% and p-p53 protein 

level by 96%. Phosphor-p38 (p-p38) is the upstream protein for p-p53, and our study 

also found that kaempferol can up-regulate the expression of p-p38 (Figure 14C). It 

indicated that p-p38 was involved in kaempferol’s antiproliferative activity in MCF-7 

cells. 

4.3.4 Effects of Kaempferol on expression of estrogen receptor alpha.  
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Because kaempferol is a phytoestrogen, we also investigated the effects of 

kaempferol on the expression of ER α in human breast cancer estrogen-dependent 

MCF-7 human breast cancer cells. As shown in Figure 15A, treatment of kaempferol 

to MCF-7 human breast cancer cells resulted in a significant decrease in expression 

of ER α in a dose-dependent manner. The ER α expression was inhibited by 50.6% 

by 75 µM kaempferol. Furthermore, to confirm the p-p38 is involved in this effect, 

p-p38 inhibitor SB203580 was used to test its effects on the regulation of ER α by 

kaempferol. After adding 10 µM SB203580, we found that kaempferol’s inhibition 

effect to ER α had been abrogated (Figure 15B). This confirmed the relevance of 

p-p38 to the ER α regulation effect by kaempferol.  

4.3.5 Effects of kaempferol on estradiol induced cell proliferation in MCF-7 human breast 

cancer cells 

If kaempferol can inhibit MCF-7 cells proliferation as phytoestrogen, it should 

also inhibit proliferation by competing with estrogen. To confirm this, Estradiol alpha 

was used to study its effects on kaempferol’s antiproliferative activity in MCF-7 cells. 

Estradiol alpha alone had been found to increase the cell numbers in a 

dose-dependent manner. When there was only 50 µM kaempferol, the cell number 

was inhibited by 40% as in the previous result. After adding different doses of 

Estradiol α, this inhibition effect was offset in a dose-dependent manner (Figure 16).  
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FIGURE 12 EFFECT OF KAEMPFEROL ON CELL PROLIFERATION AND CYTOTOXICITY IN MCF-7 HUMAN BREAST CANCER CELLS 

 

Figure 12. Effects of kaempferol on cell proliferation and cytotoxicity in MCF-7 human 

breast cancer cells (mean ± SD, n =3). Values marked with * are significantly different 

compared to the control (p < 0.05). 
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FIGURE 13 EFFECTS OF KAEMPFEROL ON PCNA, CYCLIN D1, AND CDK-4 EXPRESSION IN MCF-7 HUMAN BREAST CANCER CELLS 

 

 

Figure 13. Effects of kaempferol on PCNA, Cyclin D1, and CDK-4 expression in 

MCF-7 human breast cancer cells (mean ± SD, n =3). Bars with no letters in common 

are significantly different (p < 0.05). 
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FIGURE 14 EFFECTS OF KAEMPFEROL ON P21, P-P53, AND P-P38 EXPRESSION IN MCF-7 HUMAN BREAST CANCER CELLS 

 

Figure 14. Effects of kaempferol on p21, p-p53, and p-p38 expression in MCF-7 

human breast cancer cells (mean ± SD, n =3). Bars with no letters in common are 

significantly different (p < 0.05). 
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FIGURE 15 EFFECTS OF KAEMPFEROL AND P-P38 INHIBITOR SB 203580 ON ESTROGEN RECEPTOR ALPHA EXPRESSION IN MCF-7 HUMAN 

BREAST CANCER CELLS 

 

Figure 15. Effects of kaempferol and p-p38 inhibitor SB 203580 on Estrogen 

Receptor Alpha expression in MCF-7 human breast cancer cells (mean ± SD, n =3). 

Bars with no letters in common are significantly different (p < 0.05). 
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FIGURE 16 EFFECTS OF KAEMPFEROL ON ESTRADIOL INDUCED PROLIFERATION OF MCF-7  HUMAN BREAST CANCER CELLS 

 

 

Figure 16. Effects of kaempferol on estradiol induced proliferation of MCF-7 human 

breast cancer cells (mean ± SD, n =3). 
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FIGURE 17 SIGNALING TRANSDUCTION PATHWAY SUMMARY 

 

Figure 17. Potential mechanisms of action of kaempferol in regulating cell 

proliferation in MCF-7 human breast cancer cells through inhibiting estrogen receptor 

alpha via direct competitive binding with estradiol and suppressing P38/MAP Kinase 

signal transduction pathway 

 

 

 



121 

 

4.4 Discussion 

Breast cancer is one of the most often diagnosed cancers and is a major 

cause of deaths in women. In the last several decades, breast cancer morbidity has 

steadily decreased (2). Interestingly, Asian women have lower breast cancer 

incidence rate and morbidity rate. Researchers think that the consumption of more 

fruits and vegetables in Asian diets compared to western diets is one of the major 

reasons for this phenomenon (263). The 2010 Dietary Guidelines for Americans 

recommend that people should eat two and half cups of fruits and vegetables each 

day to prevent chronic diseases(230). Fruits and vegetables contain many 

phytochemicals. These phytochemicals can prevent cancer and inhibit cancer growth 

through different mechanisms,  including regulating the key proteins in cancer 

formation and working as phytoestrogen to modulate estrogen activity(12). 

Kaempferol, as one of the most widely distributed phytochemicals and phytoestrogen, 

has been found to possess different anticancer properties including antioxidant 

activity, inducing apoptosis and modulating the estrogen activities (137, 159, 181). 

However, the mechanisms are not clearly understood.  Hence in this paper we 

investigated kaempferol’s effects on estrogen activity and the expression of related 

key proteins in MCF-7 human breast cancer cells.  

4.4.1 Antiproliferative activity of kaempferol in MCF-7 human breast cancer cells 

Uncontrolled proliferation is one of the hallmarks of cancer cells; we first 

confirmed the antiproliferative effect of kaempferol on MCF-7 human breast cancer 
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cells. In this study kaempferol inhibited the proliferation of MCF-7 human breast 

cancer cells in a dose-dependent manner. When kaempferol concentration was 

increased to 100 µM, MCF-7 proliferation was inhibited by 77.1 ± 0.58%, compared to 

control. The EC50 value was 56.3 µM. In a previous study, we tested the 

antiproliferative effect of kaempferol on MDA-MB-231 human breast cancer cells. The 

results showed that at 100 µM kaempferol can only inhibit the proliferation by 38.6 ± 

2.9%. So kaempferol’s antiproliferation activity in MCF-7 human breast cancer cells 

was almost twice strong as in MDA-MB-231 human breast cancer cells. One of the 

major differences between MDA-MB-231 cells and MCF-7 cells is that MCF-7 cells 

have estrogen receptors while MDA-MB-231 cells don’t. Thus, the antiproliferative 

effect of kaempferol in MCF-7 human breast cancer cells is very possibly caused by 

regulation of the estrogen receptor.  

4.4.2 Kaempferol’s effects on cell signaling pathway in MCF-7 human breast cancer cells 

When an extracellular compound works on cells, it normally delivers the 

message by cell signaling transduction. Thus understanding the key cell signaling 

proteins level change will help understand the mechanism. Several key proteins 

directly involved in cell proliferation are PCNA, Cyclin D1, and CDK-4. PCNA is a 

DNA clamp that acts as an important factor for DNA polymerase in eukaryotic cells 

and is essential for replication. Inhibiting proliferation normally will be reflected by a 

decrease of this protein expression; kaempferol in the study had been found to inhibit 

the PCNA protein expression in a dose-dependent manner. Cyclins are a family of 



123 

 

proteins that control the progression of cells through the cell cycle by activating CDK 

enzymes (267), and in this study we found that kaempferol can significantly inhibit the 

Cyclin D1 and CDK-4 protein expressions in dose-dependent manners. We also 

investigated the p21 protein which is an upstream protein for PCNA, Cyclin D1, and 

CDK-4. P21 regulates cell cycle progression through suppressing the Cyclin D1, 

CDK-4, and PCNA expression. It plays a regulatory role in the S phase DNA 

synthesis and DNA damage repair (268). We found that kaempferol can increase the 

p21 protein level significantly. P53 is a cellular tumor suppress antigen;  it has been 

described as "the guardian of the genome" because of its role in conserving stability 

by preventing genome mutation(269). P-p53 is the active form of p53; it has been 

found to up-regulate the p21 protein level. In our study, p-p53 level was significantly 

increased by kaempferol. For this effect, one possible explanation is that p38/MAPK 

pathway was activated. So we tested the effect of kaempferol on p-p38 expression in 

MCF-7 human breast cancer cells and found that kaempferol can significantly 

increase the p-p38 level.  

Many breast cancers contain ER α. Estrogen will interact with ER α and 

promote the tumor growth. Kaempferol is a phytoestrogen, and it has similar structure 

as estrogen but with much weaker activity. Kaempferol may regulate the ER α activity 

to suppress the cell proliferation. In this study, kaempferol indeed significantly 

inhibited the ER α level in a dose-dependent manner. To confirm whether kaempferol 

has the antiproliferation effect through regulating the hormone receptor, we also used 
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Estradiol α to study its effect on kaempferol’s antiproliferative activity in MCF-7 

human breast cancer cells. Since MCF-7 breast cancer cells are hormone receptor 

positive, the results showed that Estradiol α can increase the cell proliferation 

compared to the control. More importantly, estradiol α reversed the inhibition effect of 

kaempferol on MCF-7 human breast cancer cells. It proves that kaempferol inhibited 

MCF-7 human breast cancer cell proliferation through the regulation of ER α.  

In addition to the compete binding with estradiol, previous studies also 

showed that estrogen receptor regulation may also be controlled by MAPK pathway. 

It is reported that p53 can be recruited to ER α minimal promotor to inhibit ER α 

protein expression (270). To study whether kaempferol can regulate ER α by affecting 

the MAPK pathway, we used p-p38 specific inhibitor SB203580 to study whether it 

can abrogate kaempferol’s antiproliferative effect.  After we added 10 µM SB203580, 

the suppression of kaempferol on estrogen receptor alpha disappeared. Because 

p-p38 is the upstream for p-p53, the p-p38 and p-p53 up-regulation may contribute to 

decrease the expression of ER α. In another study, ER α has also been found to 

inhibit p21 protein level by promoting miR–17 activity(271). The p21 in turn will 

down-regulate the Cyclin D1, CDK-4, and PCNA levels.  

4.4.3 Summary 

In summary, based on the results of this study, we proposed a model as in 

figure 17. Kaempferol can inhibit MCF-7 human breast cancer cell proliferation. It 

competes with estradiol to bind to ER α.  Then it will cause estrogen receptor alpha 
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level to decrease and lead to anti-proliferation. Furthermore, kaempferol can 

up-regulate p-p38 expression. It consequently increased the p-p53 and p21 protein 

level, and then decreased the expression of Cyclin D1, CDK-4, and PCNA protein. 

The protein changes are closely correlated with the antiproliferative effects. These 

findings will help us understand the mechanisms of action of kaempferol’s 

antiproliferative effect on MCF-7 human breast cancer cells. These data are important 

in understanding the protective effects of fruits and vegetables in the prevention of 

breast cancer.  
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