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Abstract

A 64-kDa hemagglutinin from a Phaseolus vulgaris cultivar, the northeast red bean, was purified 

by a protocol composed of three chromatographic steps involving affinity chromatography on 

Affi-gel blue gel, cation exchange chromatography on SP-Sepharose and FPLC-gel filtration on 

Superdex 75. The purified hemagglutinin appeared as a single 32-kDa band in SDS-PAGE 

indicating its dimeric nature. The N-terminal amino acid sequence of the hemagglutinin resembled 

the sequences of lectins and hemagglutinins from a number of Phaseolus species. The 

hemagglutinin manifested moderate thermostability and pH stability. It retained full activity up to 

65 °C and in the pH range 2 – 12. It did not interact with simple sugars such as glucose, mannose 

and galactose. The hemagglutinin exerted immunostimulatory effects by upregulating the 

expression of cytokines like interferon-γ and tumor necrosis factor-α. It also exhibited 

antiproliferative activity on a number of tumor cells including MCF7 (breast cancer), HepG2 (liver 

cancer), CNE1 and CNE2 (nasopharyngeal cancer) cells, with stronger activity toward MCF7 and 

CNE1 cells. The hemagglutinin induced phophatidylserine externalization, mitochondrial 

depolarization and DNA condensation in MCF7 cells, indicating initiation of apoptosis. However, 

at high hemagglutinin concentrations, severe damage to the MCF7 cells was detected.
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INTRODUCTION

Lectins are produced by a variety of organisms. Humans [1, 2], animals [3, 4], plants [5, 6], 

fungi [7, 8] and bacteria [9, 10] produce their own lectins. Different lectins may display 

distinctly different molecular masses, number of subunits, as well as dissimilar biological 

activities. Some of the lectins exhibit immunomodulatory [11], antitumor [12], antifungal 
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[13], antibacterial [14] and antiviral [15] activities, providing a certain degree of defense 

against pathogens.

Phaseolus vulgaris is a species of edible common beans rich in proteins. The species is 

cultivated worldwide, contributing to the development of many different cultivars. Most of 

the cultivars of P. vulgaris produce lectins or lectin-like hemagglutinins that belong to the 

group of phytohemagglutinins (PHAs) [16]. They are found in abundance in the beans, 

acting as storage proteins and protecting the beans from invasion of pathogens. They have 

similar molecular sizes of around 60 kDa [16], but PHAs produced by different cultivars of 

P. vulgaris may exhibit different biological activities. Some of them exhibit 

immunomodulatory effects. For example, lectins from red kidney bean and great northern 

bean evoke a mitogenic response [17,18], and lectin from blue tiger king bean upregulates 

expression of cytokines in murine splenocytes [19]. On the other hand, some PHAs exert 

antitumor effects. The PNA lectin reduces growth in Lovo and Sw387 colon cancer cell lines 

[20]. Hokkaido red bean lectin shows strong antiproliferative activity toward HepG2 

hepatoma and MCF7 breast cancer cells [21]. Extralong autumn purple bean lectin also 

inhibits proliferation of HepG2 cells [22].

In this study, we have detected the presence of a hemagglutinin in the northeast red bean, a 

cultivar of P. vulgaris that has not been studied before. The hemagglutinin was isolated and 

tested for biological activities. It was found to exhibit cytokine-inducing activity toward 

splenocytes and antiproliferative activity in some tumor cells. These activities suggested the 

potential for the northeast red bean hemagglutinin to be applied for cancer treatment.

MATERIALS AND METHODS

Purification of Northeast Red Bean Hemagglutinin

Northeast red beans (Phaseolus vulgaris cv “northeast red bean) were a product of Northeast 

China. One hundred grams of the beans were soaked in 600 ml 10 mM Tris-HCl (pH 7.6) 

overnight, and homogenized using a Waring blender. The slurry was centrifuged at 30000 g, 

4 °C for 25 min and the procedure was repeated. The supernatant was collected as the crude 

extract of the beans and the volume was adjusted to 1 L by adding 10 mM Tris-HCl, pH 7.6. 

The crude extract was loaded onto an 18 cm × 5 cm Affi-gel blue gel (Bio-Rad) column that 

had been pre-equilibrated with 10 mM Tris-HCl buffer (pH 7.6). After removal of 

unadsorbed materials, adsorbed proteins were eluted with 1M NaCl in 10 mM Tris-HCl (pH 

7.6) and then dialyzed extensively against double distilled water. Then, the fraction was 

adjusted to 10 mM Tris-HCl (pH 7.6) by adding 2M Tris-HCl buffer (pH 7.6). The fraction 

was loaded onto an 18 cm × 5 cm SP-Sepharose (GE Healthcare) column pre-equilibrated 

with 10 mM Tris-HCl buffer, and the fraction containing unadsorbed proteins was collected. 

The fraction was dialyzed extensively against double distilled water and lyophilized into a 

powder form. Then, the powder was resuspended with 20 mM NaCl in 10 mM Tris-HCl 

buffer (pH 7.6) at a concentration of 5 mg/ml, and was subjected to FPLC-gel filtration on a 

Superdex 75 10/300 GL column (GE Healthcare) pre-equilibrated with the same buffer, 

using an AKTA Purifier (GE Healthcare). The purified hemagglutinin was collected as the 

major peak eluted from the Superdex 75 column.
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Assay of Hemagglutinating Activity

Two-fold dilution of 50 μl of the protein sample was performed in a 96-well U plate using 

phosphate-buffered saline (PBS). Then, 50 μl of a 2% rabbit red blood cell suspension was 

added to each of the wells. The plate was incubated at room temperature until the red blood 

cells in the blank (without protein sample) had sedimented to the bottom of the well and 

appeared as a single red spot. Hemagglutinating activity was indicated by the presence of 

agglutinated red blood cells in the well. One hemagglutination unit is the reciprocal of the 

highest dilution of the protein sample exhibiting hemagglutination. Specific activity is the 

number of hemagglutination units per mg protein [23].

Molecular Mass Determination

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed 

using a 15% separating gel and a 5% stacking gel at a constant voltage of 120 V. Then the 

gel was stained with Commassie brilliant blue for 1 hour, and destained with 10% acetic 

acid overnight [24]. FPLC-gel filtration was performed using a Superdex 75 10/300 GL 

column (GE Healthcare) previously calibrated with molecular-mass standards including 

phosphorylase b (97 kDa), bovine serum albumin (67 kDa), carhonic anhydrase (30 kDa), 

soybean trypsin inhibitor (20 kDa) and α- lactoalbumin (14.4 kDa) [25].

Effects of pH and Temperature on Hemagglutinating Activity of Northeast Red Bean 
Hemagglutinin

Effect of temperature on northeast red bean hemagglutinin was determined by exposing the 

hemagglutinin sample to different temperatures (20 °C to 100 °C) for 30 minutes. The 

hemagglutinin sample was immediately cooled on ice to terminate the incubation. The assay 

of hemagglutinating activity was performed as described above. Percentage of 

hemagglutinating activity remaining at a particular temperature was calculated by dividing 

the activity of the sample determined at that temperature by the activity observed at room 

temperature × 100% [26].

Effect of pH on northeast red bean hemagglutinin was tested by treating the hemagglutinin 

sample with solutions at different pH values (pH 0 – 1: HCl; pH 2 – 5: NH4OAc; pH 6 – 10: 

Tris-HCl; pH 11 – 12: NaHCO3, and pH 13 – 14: NaOH). Mixtures of equal volumes of 

hemagglutinin sample and pH solution were incubated at room temperature for 30 minutes, 

followed by neutralization of the mixture. Assay of hemagglutinating activity was performed 

as described above. Percentage of hemagglutinating activity remaining was calculated by 

dividing the hemagglutinating activity of the sample by the maximal hemagglutinating 

activity × 100% [26].

Effect of Carbohydrates on Hemagglutinating Activity of Northeast Red Bean 
Hemagglutinin

Effect of carbohydrates on northeast red bean hemagglutinin was tested by dissolving the 

hemagglutinin powder in different carbohydrate solutions (all at 500 mM concentration) in 

PBS. Assay of hemagglutinating activity was performed as described above, but 

carbohydrate solutions (500 mM) instead of PBS were used for serial dilution of the 
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hemagglutinin. Percentage of hemagglutinating activity remaining was calculated by 

dividing the activity of the sample by the maximal hemagglutinating activity × 100% [27].

N-terminal Sequencing

Analysis of N-terminal amino acid sequence was performed by automated Edman 

degradation, using a Hewlett Packard 1000A protein sequencer equipped with an HPLC 

system [28].

Assay of Isolated Hemagglutinin for Cytokine Inducing Activity

Splenocytes from BALB/c mice (body weight: 20 to 25 g, age: 4 to 6 weeks) were isolated 

and treated with northeast red bean hemagglutinin in 90 mm culture dishes for 4 hours in a 

cell culture incubator at 37 °C under an atmosphere of 5% CO2. Total RNA from the 

splenocytes was extracted by phenol-chloroform using TRIZOL® reagent (Invitrogen). 

Isopropanol was used to precipitate the RNA. The pellet was washed with 75% ethanol, and 

resuspended in diethyl pyrocarbonate (DEPC)-treated water. The extracted RNA was 

converted into cDNA by reverse transcription (RT), using the GeneAmp® RNA PCR kit 

from Applied Biosystems Company [29].

Polymerase chain reaction (PCR) of the RT product was performed using the AmpliTag® 

Gold kit from Applied Biosystems Company. The sequences of the upper and lower primers 

are listed in Table 3. PCR was performed for 25 cycles. Agarose gel electrophoresis of the 

PCR products was performed using 1.5% gel containing 0.5 μg/ml ethidium bromide, at 120 

V for 30 minutes [29].

Assay of Isolated Hemagglutinin for Anti-proliferative Activity

Human breast cancer (MCF7), hepatoma (HepG2) and nasopharyngeal carcinoma (CNE1 

and CNE2) cells from American Type Culture Collection were adjusted to a cell density of 5 

× 104 cells/ml in RPMI medium. Cells (100 μl) were seeded in a 96-well plate, followed by 

treatment with 100 μl of northeast red bean hemagglutinin for 24 hours. After incubation, 

the medium was discarded, and the wells were washed with phosphate buffered saline 

(PBS), followed by addition of 25 μl of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) (5 mg/ml in PBS) and incubation for 4 hours. The 

plates were centrifuged at 2500 rpm for 5 minutes, and the supernatant was carefully 

removed. Then, 150 μl of dimethyl sulfoxide (DMSO) was added into the wells to dissolve 

the MTT (formazan). OD 590 nm was measured using a microplate reader within 10 

minutes. Percentage inhibition of the cells by hemagglutinin was calculated by: [(OD 590 

nm of the control – OD 590 nm of a culture exposed to a particular hemagglutinin 

concentration)/OD 590 nm of the control] × 100% [30].

Flow Cytometry Analysis

For annexin V-FITC and propidium iodide (PI) staining, 5 × 105 MCF7 cells were treated 

with northeast red bean hemagglutinin in 6-well culture plates for 24 hours. The cells were 

trypsinized and washed with PBS. After centrifugation at 2000 g, the cell pellets were 

resuspended in 250 μl binding buffer (0.01 M HEPES, pH 7.4, containing 140 mM NaCl and 

25 mM CaCl2) containing 2.5 μl Annexin V-FITC solution (BD Phamingen, CA, USA) and 
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0.5 μl PI (6 mg/ml) (Sigma), and kept in the dark for 20 min. The cells were analyzed using 

a FACSort flow cytometer (Becton Dickinson, Cowley, UK). The data were analyzed using 

the program WinMDI (Version 2.8, Joseph Trotter, La Jolla, CA, USA) [31].

For JC-1 staining, 5 × 105 MCF7 cells were treated with northeast red bean hemagglutinin in 

6-well culture plates for 24 hours. The cells were trypsinized and washed with PBS. After 

centrifugation at 2000 g, the cell pellets were resuspended in 500 μl plain RPMI medium 

containing 2.5 μg/ml JC-1 dye, and kept in the dark in an incubator at 37 °C for 15 min. The 

cells were analyzed using a FACSort flow cytometer [32].

For cell cycle analysis, 2 × 106 MCF7 cells were treated with northeast red bean 

hemagglutinin in 90 mm culture dishes for 24 hours. The cells were trypsinized and washed 

with PBS. The cells were fixed in 1 ml of 75% ethanol in −20 °C for 2 hours. The cells were 

washed with PBS three times. After centrifugation, the cell pellets were resuspended in 250 

μl PBS containing 5 μl propidium iodide (6 mg/ml) (Sigma). The cells were kept in the dark 

for 20 min. The cells were analyzed using a FACSort flow cytometer [33].

Hoechst 33342 Staining

MCF7 cells (2 × 105) were treated with northeast red bean hemagglutinin in a 12-well 

culture plate for 24 hours. The cells were washed with PBS three times, then 1 μM Hoechst 

33342 in PBS was added and the mixture was kept in the dark for 10 min. The cells were 

observed under a NIKON TE2000 microscope (Nikon, Japan) [34].

RESULTS

Purification of northeast red bean hemagglutinin (NRBH) involved three chromatographic 

steps. In the first step, the hemagglutinin was adsorbed onto Affi-gel blue gel and was eluted 

with 1M NaCl. The hemagglutinin in the adsorbed fraction was thus purified about 6 folds 

(Table 1), and appeared as the major protein band in SDS-PAGE (Fig. 2). In the second step, 

the hemagglutinin did not adsorb onto the cation exchanger SP-Sepharose column, while 

some of the impurities were adsorbed and hence removed. In the last step, the hemagglutinin 

was eluted from the FPLC-gel filtration Superdex 75 10/300 GL column according to its 

molecular size. The major peak contained purified NRBH which appeared as a single 32-

kDa band in SDS-PAGE (Fig. 2). Based on the calibration curve for the column, the 

molecular weight of the hemagglutinin was 64 kDa. Hence NRBH was a 64-kDa protein 

with two 32-kDa subunits.

NRBH exhibited moderate temperature stability. Its hemagglutinating activity was preserved 

at temperatures up to 65 °C (Table 2A). The activity was halved at 70 °C, further reduced at 

75 °C and 80 °C, and disappeared at and above 90°C. NRBH also had moderate pH stability. 

Full hemagglutinating activity was retained in the pH range 2 – 12 (Table 2B). The activity 

was reduced by 50% at pH 0 and 13, while it was totally abolished at pH 14. The 

hemagglutinating activity was not attenuated after addition of a variety of carbohydrates 

including glucose, mannose, galactose, lactose, glucosamine, glucuronic acid, galactonic 

acid, xylose, xylitol, raffinose, mannitol and arabinose (Table 2C), indicating that NRBH did 

not bind with any of them.
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The N-terminal amino sequence of NRBH was ASQTSFSFQRFNE (Table 3). When the 

sequence was searched for similarity to other proteins using protein BLAST, a high degree 

of homology to a number of P. vulgaris lectins and phytohemagglutinins was found (Table 

3).

NRBH exhibited immunomodulatory activity. Treatment of murine splenocytes with NRBH 

for 4 hours was shown to up-regulate the expression of the cytokines IFN-γ and TNF-α. 

Treatment of murine splenocytes with 2.5 μM NRBH resulted in a higher cytokine inducing 

effect than treatment with 0.5 μM NRBH (Fig. 3).

NRBH exhibited antiproliferative activity on some tumor cell lines. After treatment for 24-

hour, NRBH strongly inhibited the growth of CNE1 cells with an IC50 of 1.63 μM, 

significantly suppressed MCF7 cell growth with an IC50 of 11.66 μM, and exerted anti-

proliferative effects on CNE2 cells with an IC50 of 35.00 μM. However, it only slightly 

inhibited growth of HepG2 cells, with an IC50 beyond 50 μM (Fig. 4).

To further study the anti-proliferative activity of NRBH, flow cytometry analysis was 

applied. In the study on phosphatidylserine (PS) externalization, upon Annexin V-FITC and 

propidium iodide (PI) staining, the proportion of MCF7 cells in the lower left region (low 

fluorescence intensity due to Annexin V-FITC and PI) decreased, while that in the lower 

right region (low intensity due to PI but high intensity from Annexin-FITC) was increased as 

NRBH concentration increased (Fig. 5A). Such shifting indicated PS externalization 

occurred in NRBH-treated MCF7 cells, which is a sign of early apoptosis. At higher NRBH 

concentrations, the proportion of MCF7 cells located in the upper right region (high 

intensity from Annexin V-FITC and PI) also increased (Fig. 5A), showing that an increasing 

proportion of MCF7 cells had entered the phase of late apoptosis. In the study on 

mitochondrial transmembrane potential, upon JC-1 staining, the MCF7 cells gradually 

shifted from the upper left region toward the lower right region as NRBH concentration 

increased (Fig. 5B). The shifting showed that mitochondrial depolarization took place in 

NRBH-treated MCF7 cells, and that the cells were undergoing cell death. In the cell cycle 

analysis, treatment with NRBH did not induce cell cycle arrest in MCF7 cells (Fig. 6). 

However, a rise in NRBH concentration led to an increase in the proportion of MCF7 cells 

with reduced DNA content (cells with weaker PI fluorescence intensity than those in G0/G1 

phase) (Fig. 6). These cells had damaged or degraded DNA, and were undergoing cell death.

When the NRBH-treated MCF7 cells were examined under a microscope, obvious 

morphological changes could be observed (Fig. 7). Upon Hoechst 33342 staining, some of 

the MCF7 cells showed DNA fragmentation and formation of apoptotic bodies (marked with 

white arrows in Fig. 7) after NRBH treatment, indicating induction of apoptosis by NRBH. 

At 15 μM NRBH, MCF7 cells with severe damage (indicated by grey arrows in Fig. 7) were 

observed. A higher proportion of damaged cells was detected after treatment with a high 

NRBH concentration (45 μM).
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DISCUSSION

For purification of northeast red bean hemagglutinin (NRBH), a three-step chromatographic 

protocol was used. This entailed affinity chromatography on Affi-gel blue gel, ion exchange 

chromatography on SP-Sepharose and FPLC-gel filtration on Superdex 75. Similar protocols 

were widely used in purification of other P. vulgaris lectins and hemagglutinins, such as 

lectins from French bean Indian cultivar and cultivar no. 12 and Anasazi beans [35–37], as 

well as those from other plant species such as the lectins from graviola seeds, white 

Bauhinia seeds and Luetzelburgia auriculata cotyledons [38–40]. The protocol used in 

present study allowed fast and simple purification of the target protein. From 100 grams of 

northeast red bean, about 292 mg NRBH was yielded, with about 33.9% recovery 

[Percentage recovery = (Total hemagglutinating activity of purified NRBH/Total 

hemagglutinating activity in crude extract) × 100%] (Table 1). The yield was satisfactory 

when compared to those obtained for some other P. vulgaris lectins such as French bean 

cultivar no. 12 (4.8 mg lectin/100 g beans, 18.1% recovery) [36], Anasazi beans (26 mg/100 

g beans, 14% recovery) [37], and Hokkaido red bean (24 mg/100 g beans, 17% recovery) 

[21].

The N-terminal amino acid sequence of NRBH (ASQTSFSFQRFNE) closely resembled a 

number of P. vulgaris lectins and phytohemagglutinins (PHAs), as well as lectins from some 

other Phaseolus species, listed in Table 3. This suggested that NRBH is a PHA. PHA is 

found in abundance in most of the cultivars of P. vulgaris [41]. They may have the ability to 

agglutinate erythocytes (PHE-Es) and leukocytes (PHA-Ls). Most of them are carbohydrate-

binding proteins, and are classified as lectins [42]. However, some of the PHAs like NRBH 

do not bind with carbohydrates are named as hemagglutinins. Similar to PHAs in other P. 
vulgaris cultivars, NRBH was found to be abundant in the northeast red beans. It was one of 

the major storage proteins in the beans as judged from the SDS-PAGE profile of the crude 

extract of the beans.

PHAs from P. vulgaris have different heat and pH stabilities. For example, lectins from 

Indian cultivar of French bean and Anasazi bean had pronounced thermostability (up to 

90 °C and 80 °C, respectively) and pH stability (1 – 13 and 1 – 14, respectively) [35, 37], 

while lectin from French bean cultivar no. 35 was less heat stable (up to 50 °C) and pH 

stable (6 – 8) [43]. NRBH exhibited moderate heat stability (up to 65 °C) and pH stability (2 

– 12) among different P. vulgaris PHAs.

The hemagglutinating activity of a number of PHAs is not inhibited by simple sugars. 

NRBH, the PHAs from cultivar 12, 35 and Indian cultivar of French beans [35, 36, 43], and 

Hokkaido red beans are other examples [21]. On the other hand, the sugar binding PHAs 

from different P. vulgaris cultivars exhibited a variety of carbohydrate-binding specificities. 

For example, lectin from cultivar no. 1 of French beans was glucuronic acid-specific [44], 

and lectins from extralong autumn purple beans and pinto beans were galactose-specific 

[22]. On the other hand, the hemagglutinating activity of some of them was inhibited by 

polysaccharides. For example, lectin from blue tiger king bean was polygalacturonic acid-

binding [19], and lectin from red kidney bean was inhibited by a number of glycoproteins 

[45].
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Some PHAs from P. vulgaris possessed anti-fungal activities. Lectins from red kidney bean 

lectin and French bean cultivar no. 35 inhibited the growth of a number of fungal species 

such as Fusarium oxysporum and Rhizoctonia solani [43, 45], while most of the PHAs could 

not affect fungal growth. For protection against infectious fungi, some of the P. vulgaris 
cultivars (e.g. French bean cultivar no. 12 [36]) produced defensins or defensin-like peptides 

as well. The presence of a defensin-like antifungal peptide was also detected in northeast red 

beans, but since the present study was focused on NRBH, details on the antifungal peptide 

are not covered here. Although NRBH did not exhibit antifungal activity, the defensin-like 

peptide in northeast red beans probably plays a role in resistance against pathogenic fungi.

Some P. vulgaris PHAs exhibit immunomodulatory activity while others do not. Lectins 

from French bean cultivar no. 35 and Indian cultivar did not affect the mitogenesis of murine 

splenocytes [35, 43], while lectins from French bean cultivar no. 1 and 12 enhanced 

proliferation in those cells [36, 44]. Lectin from blue tiger king beans could upregulate the 

expression of a number of cytokines in the splenocytes such as interleukin-2 (IL-2) and 

interferon-γ (IFN-γ) [19]. Similarly, NRBH evoked immunomodulatory effects by inducing 

expression of the pro-inflammatory cytokines interferon-γ (IFN-γ) and tumor necrosis 

factor-α (TNF-α) in murine splenocytes. IFN-γ is produced by T-helper (TH1) cells, 

cytotoxic T (TC) cells and NK cells. It is involved in macrophage activation and increase in 

macrophage antigen presentation and MHC expression in normal cells, resulting in 

stimulation of TH1 cell differentiation and cellular immunity, and suppression of TH2 

differentiation and humoral response [46]. TNF-α is produced mainly by activated 

macrophages. It is involved in induction of fever, stimulation of acute phase response and 

activation of endothelial adhesion [47, 48].

Cellular immunity could be enhanced through upregulation of expression of several 

cytokines by treatment with 2.5 μM NRBH on splenocytes. On the other hand, NRBH also 

acted on tumor cells. It significantly inhibited the growth of nasopharyngeal cancer (CNE1 

and CNE2) cells and breast cancer (MCF7) cells with IC50 values of 1.63 μM, 35.00 μM and 

11.66 μM, respectively. Interestingly, treatment with 2.5 μM NRBH could induce cytokine 

expression in splenocytes, strongly inhibited proliferation of CNE1 cells, but did not affect 

the growth of hepatoma (HepG2) cells. It shows that NRBH can act differently on different 

types of cells.

NRBH exhibited anti-proliferative activity toward a greater variety of tumor cells than some 

other lectins. Lectin from blue tiger king bean was specific toward HepG2 cells [19] and 

lectin from French bean cultivar no. 35 was specific toward MCF7 cells [30]. Flow 

cytometric study on phosphatidylserine (PS) externalization, mitochondrial depolarization 

and cell cycle analysis was used for investigation of the anti-proliferative effect of NRBH. 

The shifting pattern of the MCF7 cells after Annexin V-PI staining indicated PS 

externalization in the cells, which is a feature of early apoptosis. The shifting pattern after 

JC-1 staining also showed mitochondrial depolarization which is often involved in apoptosis.

Results of cell cycle analysis disclosed that MCF7 cells did not experience cell cycle arrest 

in any phase after NRBH treatment. Many other apoptosis-inducing lectins trigger cell cycle 

arrest in their target cells [34]. NRBH treatment seemed not to affect the cell cycle of MCF7 
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cells. However, increase in NRBH concentration (e.g. >11.3 μM) caused severe DNA 

damage in the cells, as shown by the rise in the proportion of cells at the M1 region in (Fig. 

6). Upon Hoechst 33342 staining, the untreated MCF7 cells appeared to be healthy, well 

adhered, and possessed a rigid, circular nucleus located at the center of the cell. In response 

to NRBH treatment, some of the MCF7 cells showed DNA condensation and formation of 

apoptotic bodies. However, following exposure to escalated concentrations of NRBH, a large 

proportion of MCF7 cells with reduced DNA content was recorded in cell cycle analysis. 

When observed under a fluorescence microscope after Hoechst 33342 staining, the cells 

possessed an irregular shape, and a broken cell membrane, with leakage of genetic materials. 

The cells appeared to be dying through necrosis. Based on the above observations, treatment 

with low concentrations of NRBH promoted apoptosis in the tumor cells. High 

concentrations of NRBH could generate more pro-apoptotic cells, but would also bring 

about necrosis in some of the cells.

Different P. vulgaris phytohemaglutinins performed differently toward tumor cells. The anti-

proliferative activity of NRBH on tumor cells was quite different from other PHAs. Some 

Phaseolus hemagglutinins such as French bean lectins from cultivar no. 1 and an Indian 

cultivar did not exhibit any inhibitory effects on tumor cells [35, 44], and some others, for 

example, the lectins from blue tiger king bean and French bean cultivar no. 35, induced 

apoptosis in HepG2 and MCF7 cells, respectively [19, 30]. PHAs usually do not cause 

necrosis in cells unless at extremely high concentrations. NRBH induced apoptosis at lower 

concentrations, similar to those PHAs with potent anti-proliferative activity. However, 

NRBH could also trigger necrosis in MCF7 cells at higher concentrations (>15 μM). Thus 

NRBH is distinct from other Phaseolus hemagglutinins.

There were reports on the usage of lectins (e.g. mistletoe lectin [49, 50]) and 

phytohemagglutinins (e.g. PHA-L4 [51]) in treatment of cancers based on their 

immunostimulatory and antitumor activities. At some concentrations (e.g. 2.5 μM), NRBH 

exert both cytokine- inducing effects on splenocytes and anti-proliferative activity on several 

tumor cells. It is known that tumor necrosis factor (TNF) activates the NF-κB and AP-1 

pathways crucial for expression of pro-inflammatory cytokines, and also the MLKL cascade 

essential to the generation of reactive oxygen species in response to TNF. TNF induces 

apoptosis and necrosis of cancer cells. TNF signaling plays an important role in cancer-

related inflammation [52]. IFN-γ- and IFN-γ-induced type-1 chemokine IL-10 can directly 

inhibit tumor angiogenesis and cause death of tumor cells. This would then upregulate anti-

tumor immunity because of augmented TAA release from dying tumor cells [53]. Thus 

NRBH exerts a direct antiproliferative action on tumor cells and also indirectly inhibit tumor 

growth by augmenting the production of TNF and IFN. It is a potential candidate to be 

developed into new drugs for cancer treatment.
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Figure 1. 
Elution profile of northeast red bean hemagglutinin from a Superdex 75 HR 10/300 gel 

filtration column. The shaded region contained purified hemagglutinin.
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Figure 2. 
SDS-PAGE for purification of northeast red bean hemagglutinin. Lane 1: crude extract of 

northeast red beans. Lane 2: bound fraction from Affi-gel blue gel. Lane 3: unbound fraction 

from SP-Sepharose. Lane 4: Purified lectin from Superdex 75. M: protein markers from GE 

Healthcare including phosphorylase b (97 kDa), bovine serum albumin (67 kDa), carhonic 

anhydrase (30 kDa), soybean trypsin inhibitor (20 kDa), and α- lactoalbumin (14.4 kDa).
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Figure 3. 
Induction of gene expression of interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α) 

of mouse splenocytes by northeast red bean hemagglutinin and concanavalin A. (GAPDH = 

glyceraldehydes-3-phosphate dehydrogenase, IFN-γ = interferon-γ, and TNF-α = tumor 

necrosis factor-α)
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Figure 4. 
Results of MTT assay on inhibition of CNE1, MCF7, HepG2 and CNE2 cells after treatment 

with northeast red bean hemagglutinin for 24 hrs. Results represent mean±SD (n = 3).
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Figure 5. 
Flow cytometry analysis of northeast red bean hemagglutinin-treated MCF7 cells upon (A) 

Annexin V-PI staining and (B) JC-1 staining.
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Figure 6. 
Cell cycle analysis of MCF7 cells treated with different concentrations of northeast red bean 

hemagglutinin.
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Figure 7. 
Hoechst 33258 staining of MCF7 cells treated with northeast red bean hemagglutinin.
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Table 2

Effect of (A) Temperature, (B) pH and (C) Carbohydrates on Hemagglutinating Activity of Northeast Red 

Bean Hemagglutinin

(A)

Temperature (°C) % hemagglutinating Activity Remaining

20 100

30 100

40 100

50 100

60 100

65 100

70 50

75 25

80 12.5

90 0

100 0

(B)

pH % hemagglutinating Activity Remaining

0 50

1 100

2 100

3 100

4 100

5 100

6 100

7 100

8 100

9 100

10 100

11 100

12 100

13 50

14 0

(C)

Carbohydrate (250 mM) Hemagglutinating Activity Remaining (%)

Glucose 100

Mannose 100

Galactose 100

Lactose 100

Glucosamine 100
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(A)

Temperature (°C) % hemagglutinating Activity Remaining

Glucuronic acid 100

Galactonic acid 100

Xylose 100

Xylitol 100

Raffinose 100

Mannitol 100

Arabinose 100
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Table 3

Sequences of the upper and lower primers used in PCR

Cytokine Primer Sequence (5′ to 3′) Size (b. p.)

IFN-γ
Upper AGGAACTGGCAAAGGATGGTG

353
Lower GTGCTGGCAGAATTATTCTTATTG

TNF-α
Upper TCCCCAAAGGGATGAGAAGTTC

411
Lower TCATACCAGGGTTTGAGCTCAG

GAPDH
Upper ACCACAGTCCATGCCATCAC

452
Lower TCCACCACCCTGTTGCTGTA
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Table 4

N-terminal Amino Acid Sequence of Northeast Red bean Hemagglutinin (NRBH) in Comparison with those 

of Related Lectins/hemagglutinins. Amino Acid Residues Different from those in NRBH are Underscored

Accession Description Sequence Percentage identity (%)

– NRBH 1 ASQTSFSFQRFNE 13 100

P05088.1 Erythroagglutinating phytohemagglutinin [P. vulgaris] 22 ASQTSFSFQRFNE 34 100

CAD28674.1 phytohemagglutinin [P. vulgaris] 22 ASETSFSFQRFNE 34 92

CAD28675.1 lectin [P. vulgaris] 22 ASETSFSFQRFNE 34 92

CAD29133.1 lectin [P. vulgaris] 22 ASETSFSFQRFNE 34 92

AAB36314.1 GNL-2 α subunit=lectin [P. vulgaris=Great Northern beans] 1 ATETSFSFQRFXE 13 77

CAD27654.1 phytohemagglutinin [P. coccineus] 22 ASETSFSFQRFNE 34 92

CAH60212.1 phytohemagglutinin-L precursor [P. costaricensis] 22 ASETSFSFDRFNE 34 85

AAA82181.1 phytohemagglutinin [P. acutifolius] 25 ANDISFNFQRFNE 37 69
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