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Abstract 

Apoptotic cell death of  

human colon cancer cell lines after 

extracellular calgranulin B uptake 

 

Kun Kim 

Cancer Biology Course 

The Graduate School 

Seoul National University 

 

The molecular mechanisms through which extracellular calgranulin B 

affects colon cancer cells remain unclear. My present study focused on the 

systemic link between calgranulin B and colon cancer. In patients’ tumor 

tissues, calgranulin B protein showed a positive correlation with stromal 

inflammatory cells surrounding tumor cells, and methylation of the gDNA 

promoter region of calgranulin B was observed in both patients’ paired tissues 

and human colon cancer cell lines. Notably, extracellular calgranulin B could 

penetrate colon cancer cells, but not the other types of cancer cells tested. 
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Internalization of calgranulin B was possible via various mechanisms 

depending on colon cancer cells and caused apoptotic cell death. In addition, 

calgranulin B inhibited aurora A kinase activity in a dose-dependent manner 

and suppressed tumor growth in a mouse model. My findings demonstrate the 

antitumor effects of calgranulin B in the inflammatory microenvironment of 

colon cancer. 

---------------------------------------------------------------------------------------------- 

Key Words: calgranulin B; colon cancer; protein internalization; 

inflammatory microenvironment; aurora A kinase. 
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Introduction 

 

Colon cancer is the most common cause of mortality from cancer (Jemal et 

al., 2009). More than 135,000 patients suffer from colorectal cancer annually, 

which kills about one-fourth of infected individuals (Siegel et al., 2013). 

Among males in Korea, colon cancer follows stomach cancer, and its 

incidence is higher between the ages of 35 and 64. Among females it follows 

thyroid and breast cancer, occupying the third place in terms of incidence 

(Jung et al., 2015). In the past 20 years, there has been a progressive increase 

in the 5-year relative survival rate and decrease in mortality for all cancers 

because of this pathology, due to greater advances in surgical techniques, 

improved radiotherapy techniques, use of adjuvant chemotherapy, and 

improved campaigns for primary and secondary prevention (Arvelo et al., 

2015). Despite advances in the diagnosis and treatment of colon cancer, many 

patients continue to succumb to the disease because its molecular basis is not 

completely understood.  

Calgranulin B, known as myeloid-related protein 14 (MRP-14), migration 

inhibitory factor-related protein 8 (MIF), neutrophil cytosolic 7 kDa protein 

(NIF), L1 heavy chain or S100A9, is a small calcium-binding protein 
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expressed in activated keratinocytes, monocytes, and granulocytes (Lagasse et 

al., 1988, Roth et al., 1992, Ryckman et al., 2003, Foell et al., 2007, Lorenz et 

al., 2008). Calgranulin B is known as a member of the S100 group of calcium-

binding proteins. (Marenholz et al., 2006). There are 23 members of the S100 

proteins each with distinctive roles in signal transduction (Marenholz et al., 

2004, Donato et al., 2013). At least 19 of these genes assemble to 

chromosome 1q21, known as the epidermal differentiation complex (Table 1) 

(Kerkhoff et al., 1998, Salama et al., 2008). 

Calgranulin B C-terminal residues 103-105 form a polyhistidine motif 

(HHH), which appears to be a zinc and arachidonic acid binding site 

(Clohessy et al., 1996). The HXXXH motifs in calgranulin A (residues 83-87) 

and calgranulin B (residues 91-95) are proposed as Zn
2+

 binding site 

(Clohessy et al., 1996). Human calgranulin B cDNA contains an open reading 

frame (ORF) of 352 nucleotides; calgranulin B protein comprises 113 aa 

residues (Odink et al., 1987, Korndorfer et al., 2007). The phosphorylation of 

calgranulin B may affect protein kinases C activation, elevated intracellular 

calcium, and potentially enhances calcium-binding activities (Edgeworth et al., 

1989, Guignard et al., 1995). 

Calgranulin B has been found in sera from patients with inflammatory 
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diseases including multiple sclerosis, rheumatoid arthritis, inflammatory 

bowel disease, Crohn’s disease, cystic fibrosis, and systemic lupus 

erythematosus (Roth et al., 1992, Lorenz et al., 2008). Supporting the notion 

of elevating levels of calgranulin B with increasing inflammation is the 

finding of elevated calgranulin B protein levels both in radiation induced 

breast cancer possibly due to increased penetration of the tumor by 

inflammatory cells and in glioblastoma multiforme treated with radiation 

(Markowitz et al., 2013, Deininger et al., 2001, Imaoka et al., 2008). 

Significantly increased expression of calgranulin B has been reported in 

malignant tissues from patients with cancer, including those with colon cancer 

(Jungblut et al., 1999, Chaurand et al., 2001), squamous cell carcinoma of the 

oral tongue (He et al., 2004), ovarian carcinoma (Ott et al., 2003), lung 

adenocarcinoma (Bergman et al., 2000, Su et al., 2010), and prostate 

tumorigenesis (Hermani et al., 2005) as well as invasive ductal carcinomas of 

the breast (Goncalves et al., 2008, Moon et al., 2008). 

Calprotectin, a non-covalent heterodimer of calgranulin A and B, is a 

calcium-binding proteins complex of calgranulin A and B subunit (10.8 kDa 

and 13.2 kDa, respectively) (Ross et al., 2001, Striz et al., 2004, Korndorfer et 

al., 2007). Calgranulin A and B are small proteins containing two Ca
2+

-
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binding helix-loop-helix motifs (EF hands) linked by a hinge region and 

flanked by hydrophobic site at both ends (Kerkhoff et al., 1998). Like other 

S100 proteins, the C-terminal EF-hand of calgranulin A and B consists of 12 

aa and has a higher Ca
2+

-binding affinity and is fully occupied with Ca
2+

, 

while the N-terminal 14 aa EF-hand has a lower Ca
2+

-binding affinity with an 

occupancy ratio of 0.7 (Kerkhoff et al., 1998). S100 proteins generally tend to 

form non-covalent homodimers or oligomers in biological conditions. 

Calgranulin A and B independently form homodimers (Ishikawa et al., 2000, 

Itou et al., 2002), although calgranulin A and B form more stable, preferred 

heterodimers (Hunter et al., 1998, Nacken et al., 2003). Calgranulin A and B 

heterotetramerization is dependent on calcium but the formation of 

heterodimer is not calcium dependent (Vogl et al., 2006). Calprotectin is 

expressed in neutrophils (Dale et al., 1983), infiltrating monocytes (Dale et al., 

1985), activated macrophages (Odink et al., 1987), and human gingival 

keratinocytes (Ross et al., 2001).  

The role of calprotectin has been reported during the early stages of field 

studies under various pathological conditions (Foell et al., 2007). Calprotectin 

can be a stimulator of fibroblast growth and neutrophil adhesion mediated by 

2-integrin, a neutrophil chemoattractant and a macrophage-deactivating factor 
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(Aguiar-Passeti et al., 1997, Newton et al., 1998, Ryckman et al., 2003, 

Shibata et al., 2004). Calgranulin A and B is highly protease resistant in a 

manner similar to prion proteins (Nacken et al., 2007). During inflammatory 

episodes, calprotectin is elevated in body fluids such as stool, plasma, gingival 

crevicular fluid, saliva, and synovial fluid (Johne et al., 1997) and serves as a 

marker of inflammatory bowel diseases (Roseth et al., 1999), Sjogren`s 

syndrome (Cuida et al., 1997), and reactive arthritis (Hammer et al., 1995). 

Calprotectin is also overexpressed in diverse cancer including gastric (El-Rifai 

et al., 2002, Yong et al., 2007), prostate (Hermani et al., 2006), lung (Hayashi 

et al., 2005), breast (Jee et al., 2003), oesophagus (Koon et al., 2004), liver 

(Sy et al., 2005), and colorectal cancers (Stulik et al., 1999, Stulik et al., 

1999). 

Calprotectin can also affect alterations in the cytoskeleton and modulation 

of intracellular calcium, cell shape, exclusive carrying of arachidonic acids, 

and signal transduction. Furthermore, calprotectin is known to be an important 

chronic inflammation and pro-inflammatory mediator in acute, as well as in 

cancer along with infiltrated immune cells (Schafer et al., 1996, Kerkhoff et 

al., 1999). Calprotectin can induce apoptosis by modulating the imbalance 

between pro- and anti-apoptotic proteins and reactive oxygen species (ROS) 
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involving the BCL2/adenovirus E1B 19 kDa-interacting protein family, 

following cross talk between mitochondria, and lysosomes (Ghavami et al., 

2008, Ghavami et al., 2010). Many reports have also shown an 

apoptotic/cytotoxic effect of calprotectin against human leukemia and colon 

cancer cell lines, as well as normal cell types including myeloid cells (Murao 

et al., 1990), mitogen-activated lymphocytes (Yui et al., 1995), and normal 

fibroblasts (Yui et al., 1995, Yui et al., 1997, Ghavami et al., 2004). Among its 

two constituent parts, calgranulin B is vital to these functions of calprotectin 

rather than calgranulin A. At this time, the roles of calgranulin B as a single 

component of the heterodimer of calprotectin have been well researched, but 

few studies have explored the role of calgranulin B alone.  

The previous report showed that the level of calgranulin B is increased in 

stools of patients with colorectal cancer (Yoo et al., 2008), but the association 

between calgranulin B and colon cancer remains unclear. Colon cancer cells 

activated by calprotectin may upregulate genes for promoting angiogenesis 

and tumor migration (Li et al., 2009). However, mice lacking calgranulin B 

showed significantly reduced tumor incidence, growth, and metastasis, which 

suggests that calgranulin B (rather than calprotectin) plays a critical role in 

tumor progression. The present study explored the association between 



７ 

calgranulin B and colon cancer cells, and reports the antitumor effect of 

calgranulin B in the inflammatory microenvironment of colon cancer.  
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Table 1. Gene symbol, other names and location of the S100 family 

      

Gene symbol Other names Chromosomal 

location 

S100A1 S100A, S100 1q21 

S100A2 S100L 1q21 

S100A3 S100E 1q21 

S100A4 MTS1, CAPL 1q21 

S100A5 S100D 1q21 

S100A6 CACY 1q21 

S100A7 PSOR1 1q21 

S100A7L2 S100A7b 1q21 

S100A7L3 S100A7d 1q21 

S100A7L4 S100A7e 1q21 

S100A8 Calgranulin A 1q21 

S100A9 Calgranulin B, MRP14 1q21 

S100A10 p11, p10 1q21 

S100A11 S100C, LN70 1q21 

S100A11P S100A14 7q22-q31 

S100A12 CAAF1 1q21 

S100A13 
 

1q21 

S100A14 BCMP84 1q21 

S100A15 S100A7L1, S100A7a 1q21 

S100A16 S100F 1q21 

S100B S100b 21q22 

S100P 
 

4p16 

CALB3 Calbindin D9K Xp22 
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Materials and Methods 

 

Human cancer cell lines 

Human cancer cell lines were obtained from the Korean Cell Line Bank 

(KCLB, Seoul, Korea; colon cancer cell lines: SNU-81, SNU-175, SNU-283, 

SNU-407, SNU-769A, SNU-769B, SNU-1040, SNU-1047, SNU-C1, SNU-

C2A, SNU-C4, SNU-C5, Caco-2, DLD-1, HCT-8, HCT-15, HCT-116, HT-29, 

LoVo, NCI-H508, NCI-H741, SW-480, SW-620, WiDr; breast cancer cell 

line: SK-BR-3; gastric cancer cell lines: SNU-484, SNU-719; ovarian cancer 

cell lines: SNU-840, NIH:OVCA-3; cervical cancer cell line: HeLa). 

 

Western blot analysis 

Western blot analysis was performed as described previously (Yoo et al., 

2008). Briefly, the same amounts of protein were subjected to sodium dodecyl 

sulfate–polyacrylamide gel electrophoresis (SDS-PAGE). Following 

electrophoresis, proteins were transferred to polyvinylidene fluoride (PVDF) 

membranes (Millipore, Bedford, MA, USA) blocked by overnight incubation 

at 4°C. Membranes were incubated with primary antibody against calgranulin 
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B (Santa Cruz Biotechnology, Dallas, TX, USA), aurora A kinase (Abcam, 

Cambridge, MA, USA), c-Caspase3 (Cell signaling, Massachusetts, USA), p-

AKT (Cell signaling), p-ERK (Cell signaling) , p-JNK (Cell signaling) , NF-

κB (Cell signaling), p53 (Cell signaling), p38 (ABcam), β-catenin (ABcam), 

E-cadherin (Cell signaling) and β-actin (Santa Cruz Biotechnology) and actin 

(Sigma-Aldrich, St. Louis, MO, USA). Membranes were washed and 

incubated with diluted horseradish peroxidase (HRP)-conjugated secondary 

antibody (Southern Biotech, Birmingham, AL, USA). Next, membranes were 

rewashed (3 × 15 min), incubated with WEST-ZOL®  chemiluminescence 

reagent (iNtRON Biotechnology, Seoul, Korea) for 1 min, and exposed to film 

(Blue XB-1, Kodak, Rochester, NY, USA).  

 

gDNA PCR 

Fragments encompassing the entire coding sequence of the calgranulin B 

gene were amplified by polymerase chain reaction (PCR). Amplification was 

performed in a total reaction volume of 15 μl containing 100 ng of genomic 

DNA, 10 pmol of each primer, 250 μM each dNTP, 0.5 units of Taq 

polymerase, and reaction buffer provided by the supplier (Qiagen, Hilden, 

Germany). Samples were denatured for 5 min at 94°C in a GeneAmp PCR 
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system 9700 (Applied Biosystems, Foster City, CA, USA), followed by 35 

cycles at 94°C for 30 s, 54 and 57°C for 30 s, and 72°C for 1 min, with 

elongation for 7 min at 72°C. Annealing temperatures were set at 54°C for 

exon 1 and 57°C for exon 2. PCR was performed using the following primers 

for calgranulin B (exon 1, sense 5`-TCCCAACTCTTGGTTTTCCA-3` and 

antisense 5`-CAGGAGCTCAAATCTTCCCC-3`; exon 2, sense 5`-AGGGTG 

AGGCTTCCCTTGTA-3` and antisense 5`-TCCTGATTAGTGGCTGTGGC-

3`). 

 

Bisulfite-modified sequencing analysis 

Genomic DNA from cell lines was isolated using the cell culture DNA kit 

(Qiagen) and subjected to additional proteinase K treatment. Bisulfite 

treatment was performed using the EZ DNA Methylation
TM

 Kit (Zymo 

Research, Orange, CA, USA) and bisulfite sequencing primers designed as 

described previously (Dokun et al., 2008). The bisulfite sequencing primers 

used were as follows: calgranulin B primer sense (5'-TGAGTGGTGTTAGAG 

GAGTAGT-3') and calgranulin B primer antisense (5'- CCACACAAAATATT 

TACCAAAACTATAC -3'). Bisulfite sequencing of the PCR product was 

performed in a total reaction volume of 50 µl containing 150 µM dNTPs, 0.3 
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µM each primer, 1× PCR buffer (Qiagen), Platinum®  Taq DNA Polymerase 

(Invitrogen, Carlsbad, CA, USA), and 2 µl (40 ng) of converted DNA. The 

initial denaturing step at 94°C for 2 min was followed by 40 cycles of a 

denaturing step at 95°C for 30 s, primer annealing at 54°C for 30 s, and a 45 s 

elongation step at 72°C. The final 72°C period was extended to 7 min. 

Subsequently, PCR products were verified by agarose gel electrophoresis, and 

sequences were analyzed using a Taq dideoxy terminator cycle sequencing kit 

on an ABI 3730 DNA Sequencer (Applied Biosystems). 

 

Immunohistochemistry of tumor tissues obtained from 

patients with colon cancer and statistical analysis 

Immunohistochemistry was performed as described previously (Chang et al., 

2002, Chang et al., 2004). The population for the immunohistochemical 

study consisted of 49 colorectal cancer tissues surgically resected at the 

National Cancer Center, Korea. A review of pathologic reports and clinical 

charts was performed to obtain demographic data. All cases were 

adenocarcinomas, classified according to the World Health Organization 

(WHO) criteria and staged according to the criteria of the International 

Union Against Cancer. All tissue samples were obtained with written 
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informed consent. All tissues were routinely fixed in 10% buffered formalin 

and embedded in paraffin blocks. Four-micrometer-thick sections were 

subjected to immunohistochemical studies. Immunostaining was performed 

using the labeled streptavidin–biotin complex (LSAB) method, and primary 

antibodies were applied after antigen retrieval. The primary antibody used 

was calgranulin B (1:400; clone H-90, Santa Cruz Biotechnology). Reaction 

products were not present when nonimmune serum or phosphate-buffered 

saline (PBS) was used instead of primary antibodies. To interpret the 

calgranulin B immunostaining results, cytoplasmic expression was 

considered positive and the staining results were evaluated semi-

quantitatively using a double scoring system by evaluating both the staining 

intensity and the percentage of stained cells. The staining intensity was 

subclassified as follows: 1, weak; 2, moderate; 3, strong. The percentages of 

stained tumor cells were assigned the following scores: 0, <10%; 1, 10–25%; 

2, 26–50%; 3, >50%. Multiplying the staining intensity by the staining 

percentage value gave an immunoreactive score from 0 to 9. Immunoreactive 

scores of calgranulin B were separately evaluated from tumor cells, stromal 

inflammatory cells, and luminal necrotic debris. 
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Confocal microscopy 

Cells were seeded in a 24-well plate (1 × 10
5
 cells/well) over glass 

coverslips the day before use and treated with calgranulin B (100 nM) for 2 h 

at 37
o
C. After washing with PBS, cells were fixed with 4% paraformaldehyde 

(PFA) in PBS for 10 min at RT and then permeabilized with Perm buffer [1% 

bovine serum albumin (BSA), 0.1% saponine, 0.1% sodium azide in PBS] for 

10 min at RT. Calgranulin B-treated cells were incubated with rabbit anti-

calgranulin B IgG (1:100; Santa Cruz Biotechnology), followed by Alexa 

647-goat anti-rabbit IgG (1:200; Invitrogen). Nuclei were stained with 

Hoechst 33342 during the last 10 min of incubation at RT. In endocytosis 

marker tests, cells were co-treated with calgranulin B (100 nM) and either 

Alexa 488-transferrin (10 μg/ml), Alexa 488-Ctx-B (10 μg/ml), or Alexa 488-

dextran (10 μg/ml) in TOM™ Transfection Optimized Medium (WelGENE, 

Daegu, Korea) for 2 h at 37
o
C prior to cell fixation and permeabilization. For 

the inhibition tests for endocytic pathways, cells were incubated with 

calgranulin B (100 nM) for 2 h at 37
o
C with pretreatment of chloropromazine 

(10 μg/ml), MßCD (5 mM), or cytochalasin D (1 μg/ml) for 30 min at 37
o
C, 

followed by cell fixation and permeabilization. 
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Flow cytometry 

Flow cytometry analysis was performed as described previously (Jang et al,. 

2009). Cells were seeded at a density of 1 × 10
5
 cells/well and incubated in 

TOM™ Transfection Optimized Medium (WelGENE) for 30 min at 37
o
C. 

Preincubated cells left untreated or treated with each inhibitor for 30 min at 

37
o
C before calgranulin B (100 nM) treatment. Suspended cells with trypsin 

were treated once more with 0.1% trypsin for 3 min at 37
o
C to wash off the 

surface-bound protein. After one wash with ice-cold PBS, cells were fixed and 

permeabilized as described above under a confocal microscope. Cells were 

washed with ice-cold PBS twice, labeled with rabbit anti-calgranulin B IgG 

(1:200; Santa Cruz Biotechnology) followed by fluorescein-donkey anti-rabbit 

IgG (1:200; Millipore), and then analyzed using FACSCanto II (BD 

Biosciences, Franklin Lakes, NJ, USA). For each test, 1 × 10
4
 cells were 

analyzed. 

 

3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 

bromide (MTT) assay 

A colorimetric assay using the tetrazolium salt MTT (3-[4,5-
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dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) was used to monitor 

cell proliferation suppressed by treatment of calgranulin B. Briefly, an equal 

number of cells was added to each well in 0.18 ml culture medium to which 

0.02 ml of calgranulin B (OriGene, Rockville, MD, USA) or PBS (for 

untreated control taken as 100% survival) was added. After 4 days of culture, 

0.1 mg MTT was added to each well, followed by incubation at 37°C for a 

further 4 h. Plates were centrifuged at 450 × g for 5 min at RT, after which the 

medium was removed. Dimethyl sulfoxide (DMSO; 0.15 ml) was added to 

each well to solubilize crystals and plates were immediately read at 540 nm 

using a scanning multiwell spectrometer (Molecular Devices, Sunnyvale, CA 

USA). All experiments were performed three times, and IC50 (μg/ml) was 

presented as mean values and standard deviation.  

 

Cell cycle analysis 

Changes in cell cycle regulation were assessed using a FACSCalibur flow 

cytometer (Becton Dickinson, San Jose, CA, USA) and CellQuest software 

(Becton Dickinson). Propidium iodide (PI)-positive cells were quantified as a 

percentage. 
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Terminal transferase dUTP nick end labeling (TUNEL) 

assay 

TUNEL assay was performed with FITC-anti-BrdU staining using a APO-

BRDU Kit (Phoenix Flow Systems, Phoenix, AZ, USA ). Briefly, 1 × 10
6
 cells 

were fixed in 1% PFA with PBS. Then, 5 ml of 70% ethanol was added, 

incubated for 20 h at –20°C. The cells were centrifuged, washed, suspended in 

a DNA labeling solution and incubated for 1h at 37°C. The cells were 

incubated with FITC-anti-BrdU antibody for 30 min, added 0.5 ml of a 

PI/RNase A staining solution, incubated for 15 min and analyzed using a 

FACSCalibur flow cytometry system (Becton Dickinson). 

 

In vivo study 

BALB/c-nude mice (4 weeks of age) were obtained from Japan SLC, Inc. 

(Hamamatsu, Japan). The mice were group-housed in plastic shoebox cages 

with autoclaved bedding and filtered air (4–5 mice per cage), and given access 

to sterilized food and water. All experimental procedures using animals were 

performed in accordance with protocols approved by the Institutional 

Laboratory Animal Care and Use Committee of The National Cancer Center. 
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Tumor implantation animal model was injected s.c. in the bottom with 3 × 10
5 

HCT-116 cells in a total volume of 0.2 ml Dulbecco’s PBS (DPBS; Gibco, 

New York, NY, USA). Mice were treated with calgranulin B using i.v. 

injection at 10 μg/kg or 50 μg/kg. Tumors were measured using a caliper and 

their volumes were calculated using a standard formula: (L ⅹ W
2
)/2, where 

L is length and W is width. Between-group differences were analyzed using 

the Student’s t-test and significance was set at P < 0.05. 

 

18
F-FDG positron emission tomography–computed 

tomography (PET-CT) imaging 

BALB/c-nude mice were kept fasting for a minimum of 6 h before 

undergoing PET-CT. They were anesthetized using 1 L/min of 2–5% 

isoflurane in 100% oxygen. After receiving the anesthesia, they were given 

740 kBq/0.1 ml of 
18

F-FDG via the tail vein. After 20 min, 
18

F-FDG uptake 

could be detected using animal PET-CT (GE Healthcare Life Sciences, 

Waukesha, WI, USA). 

 

 



１９ 

Immunohistochemistry in the xenograft model 

After death, tumors harvested from mice were fixed in formalin and 

embedded in paraffin by routine procedures. Slides were deparaffinized in 

xylene, rehydrated in graded alcohol, and quenched in 0.3% hydrogen 

peroxide (H2O2) at RT. Slide sections were washed in distilled water, boiled in 

citrate buffer at 75
o
C, treated with protein blocking solution, and washed with 

PBS. Immunohistochemical analyses were performed using primary 

antibodies against calgranulin B (Santa Cruz Biotechnology).  

 

Construction of the glutathione S-transferase (GST)–

human calgranulin B fusion protein 

Total RNA was extracted using TRIzol reagent (Invitrogen) and used to 

synthesize double-stranded cDNA with a T7-(dT) 24 primer and Superscript II 

Reverse Transcriptase (Invitrogen). Full-length human calgranulin B was 

prepared using nested PCR with the 5' end primer (outer: 5'-

GCTTTGGGACAGAGTGCAAG-3', inner: 5'-ACGGATCCACCATGACTT 

GCAAAATGTCGCAGC-3', to add a BamHI site 1 base upstream from the 

start codon ATG) and the 3' end primer (outer: 5'-CCACAGCCAAGACAGT 
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TTGA-3', inner: 5'- TTAAGCTTACGTAGAATCGAGACCGAGGAGAGGG 

TTAGGGATAGGCTTACCGGGGGTGCCCTCCCCGA-3', to add the V5 

tag). PCR products were ligated into the BamHI and HindIII sites of the 

pGEX-2T plasmid to generate recombinant fusion proteins with GST at the N-

terminus and the V5 tag at the C-terminus. Transformed Escherichia coli cells 

were grown in Luria–Bertani (LB) broth containing 50 mg/ml of ampicillin at 

37°C overnight. Overnight cultures were diluted 100-fold in fresh LB plus 

ampicillin, and incubation was continued at 37°C. For growth curve 

determination, samples were taken every 1 h and the optical density was 

measured at 600 nm until the mid-log phase. Isopropyl β-D-

thiogalactopyranoside (IPTG) was added to a final concentration of 1 mM, 

and incubation was continued at 37°C for 6 h. After IPTG induction, cells 

were homogenized in PBS (pH 8.0), and whole homogenates were centrifuged 

at 10,000 × g for 20 min. The supernatant containing cytoplasmic extracts was 

subjected to chromatography on the Glutathione Sepharose 4 Fast Flow 

column (GE Healthcare Life Sciences), and GST-Calgranulin B fusion 

proteins were eluted using 50 mM Tris–HCl (pH 8.0) with 10 mM reduced 

glutathione. 
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Human protein microarray 

ProtoArray™ Kit (Invitrogen) was used, as recommended by the 

manufacturer. Briefly, the Human Protein Microarray nc v2.0 was placed in an 

incubation chamber/hybridization chamber, and 20 ml of freshly prepared 

PBST blocking buffer was applied to the side of the chamber. GST-V5-tagged 

calgranulin B protein (50 μg/ml) was used as a probe. The array was 

incubated for 1.5 h at 4°C without shaking. Anti-V5 Alexa Fluor®  647 (20 

ml) was prepared in fresh PBS probing buffer (0.1 μg/ml) and used for 

incubation with gentle agitation at 4°C for 30 min. The chamber containing 

the array was inverted briefly on an absorbent surface to completely decant 

each wash without allowing the array to dry. The microarray was subsequently 

scanned with the GenePix®  4000B Fluorescent Scanner (Axon Instruments, 

Foster City, CA, USA). Data were acquired with GenePix®  Pro software 

(Axon Instruments) and processed using a ProtoArray™ Prospector 

(Invitrogen). 

 

Immunoprecipitation 

Immunoprecipitation was performed as described previously (Yoo et al., 

2009). All procedures were performed at 4°C, unless otherwise specified. 
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Approximately 10
7
 cells in 1 ml of cold 1× RIPA buffer containing protease 

inhibitors (Roche Diagnostics, Basel, Switzerland) were incubated on ice for 

30 min with occasional mixing. Cell lysates were centrifuged at 12,000 × g 

for 10 min, and the supernatant was collected carefully without disturbing the 

pellet. The supernatant was mixed with the primary antibody against either 

calgranulin B (Santa Cruz Biotechnology) or aurora A kinase (Abcam), and 

incubated for 2 h on a rocking platform. Prepared protein G Sepharose beads 

(100 µl; GE Healthcare Life Sciences) were added, followed by further 

incubation on ice for 1 h on a rocking platform. The mixture was centrifuged 

at 10,000 × g for 30 s, and the supernatant was removed completely. Protein G 

Sepharose beads were washed five times with 1 ml of cold 1× RIPA to 

minimize the background. Next, 100 µl of 2× SDS sample buffer was added 

to the bead pellet and heated to 100°C for 10 min. After boiling, 

immunoprecipitates were centrifuged at 10,000 × g for 5 min, and the 

supernatant was collected for Western blot analysis. 

 

Aurora-A kinase assay 

For determination of the activity of aurora A in the presence of calgranulin 

B, the CycLex®  Aurora-A Kinase Assay Kit (MBL International Corporation, 
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Woburn, MA, USA) was used, as recommended by the manufacturer. 
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Results 

 

Calgranulin B was not expressed in colon cancer cell lines 

Western blot analysis was performed to determine the protein expression 

level of calgranulin B in various human cancer cell lines, i.e., colon cancer 

cell lines (SNU-81, SNU-175, SNU-407, SNU-769A, SNU-769B, SNU-1040, 

SNU-C1, SNU-C2A, SNU-C4, SNU-C5, Caco-2, DLD-1, HCT-8, HCT-15, 

HCT-116, HT-29, LoVo, NCI-H508, NCI-H741, SW-480), gastric cancer cell 

lines (SNU-484, SNU-719), breast cancer cell line (SK-BR-3), ovarian cancer 

cell lines (SNU-840, NIH:OVCA-3), and a cervical cancer cell line (HeLa). 

Calgranulin B protein was not observed in the cancer cell lines tested, 

excluding SK-BR-3 (Fig 1A). To determine whether colon cancer cell lines 

contained the gene coding calgranulin B, gDNA PCR was performed using 

SK-BR-3 as a positive control. Unlike the Western blot results, the calgranulin 

B gene was present in all thirteen colon cancer cell lines tested (Fig 1B). Thus, 

promoter methylation status of the calgranulin B gene was investigated using 

methylation-specific PCR after sodium-bisulfite modification. Thirteen colon 

cancer cell lines (SNU-81, SNU-283, SNU-407, SNU-1047, SNU-C4, SNU-
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C5, Caco-2, DLD-1, HCT-15, HCT-116, LoVo, SW-480, WiDr) and the breast 

cancer cell line SK-BR-3 were used for methylation-specific PCR, and the 

methylation status of six CpG sites in the promoter related to transcription 

initiation of the calgranulin B gene was analyzed. Representative sequence 

diagrams of the colon cancer cell line SNU-C4 and breast cancer cell line SK-

BR-3 are shown (Fig 1C). None of the six CpG sites investigated in SK-BR-3 

were methylated, but 13 colon cancer cell lines showed at least three 

methylation sites in the CpG island (Fig 1D, left panel). Promoter regions of 

calgranulin B in all colon cancer patient tissues were also methylated, and 

promoter hypermethylation of calgranulin B was detected in the normal 

tissues (Fig 1D, right panel).  
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Fig 1. Expression of calgranulin B and the methylation status of promoter 
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CpG islands of calgranulin B in colon cancer cell lines (A) Western blot 

analysis of calgranulin B protein in colon cancer cell lines. Expression of 

calgranulin B was not detected in colon cancer (SNU-81, SNU-175, SNU-407, 

SNU-769A, SNU-769B, SNU-1040, SNU-C1, SNU-C2A, SNU-C4, SNU-C5, 

Caco-2, DLD-1, HCT-8, HCT-15, HCT-116, HT-29, LoVo, NCI-H508, NCI-

H741, SW-620), gastric cancer (SNU-484, SNU-719), ovarian cancer (SNU-

840, NIH:OVCA-3), or cervical cancer (HeLa) cell lines. Only breast cancer 

cell lines (SK-BR-3) showed positive calgranulin B protein expression. (B) 

gDNA PCR analysis of calgranulin B in colorectal cancer cells. Colon cancer 

(SNU-81, SNU-283, SNU-407, SNU-1047, SNU-C4, SNU-C5, Caco-2, DLD-

1, HCT-15, HCT-116, LoVo, SW-480, WiDr) and breast cancer (SK-BR-3) 

cells carry genes regulating calgranulin B expression. (C) Representative 

sequence diagrams of DNA sequencing analysis in SNU-C4 (top, methylated) 

and SK-BR-3 (bottom, unmethylated) cell lines. (D) Analysis of the 

methylation status of promoter CpG islands of calgranulin B based on 

bisulfite sequencing. The figure shows the distribution of CpG dinucleotides 

of the calgranulin B gene and DNA sequencing analysis of six promoter CpG 

dinucleotides. Promoter CpG dinucleotides of the calgranulin B gene were 

mostly methylated in the 13 colon cancer cell lines tested (left panel). 
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Methylated status of calgranulin B gene in 10 patients’ tumors and paired 

normal tissues was also investigated (right panel). Six CpG islands in the 

calgranulin B gene promoter regions were completely methylated in all 

normal tissues, and all tumor tissues showed at least one methylation site in 

the CpG islands. Circle represents CpG island; open circle: unmethylation; 

closed circle: methylation. 
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Tissue calgranulin B level in tumor cells was correlated 

with that of stromal inflammatory cells around tumor 

glands in colon cancer 

Immunohistochemistry was performed to investigate whether calgranulin B 

is expressed in tumor tissues of 49 patients with colon cancer (Fig 2A). 

Calgranulin B was not detected in tumor tissues. Positive calgranulin B 

staining was observed in tumor cells surrounded by inflammatory cell 

infiltration. The level of calgranulin B protein was determined in tumor cells, 

luminal necrotic debris, and stromal inflammatory cells. Expression of 

calgranulin B in colon cancer tissues was significantly correlated with those of 

stromal inflammatory cells (Fig 2B, P = 0.001).  
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Fig 2. Evaluation of calgranulin B in tumor tissues derived from patients 

with colon cancer (A) Immunohistochemistry of calgranulin B in the 

patients’ tissues. Calgranulin B was not stained in all tumor tissues tested. 

Most positive calgranulin B signal was observed in tumor cells surrounded by 
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inflammatory cell infiltration. (B) Correlation between tissue calgranulin B 

levels in tumor cells and stromal inflammatory cells around tumor glands in 

colon cancer. Calgranulin B protein level was estimated in tumor cells, 

luminal necrotic debris, and stromal inflammatory cells (n = 49). Expression 

of calgranulin B in colon cancer tissues was significantly correlated with those 

of stromal inflammatory cells (P = 0.001).  
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Internalization of extracellular calgranulin B into colon 

cancer cells was mediated by various pathways depending 

on cell type  

Colon cancer cell lines do not express calgranulin B, but the effects of 

extracellular treatment of calgranulin B protein (100 nM) to the cell culture 

medium for mimicking the inflammatory microenvironment have been 

investigated. Extracellular calgranulin B protein was absorbed in the 

cytoplasm of all three colon cancer cell lines tested (SNU-81, HCT-116, SNU-

C4), but not other types of cell lines (gastric cancer cell line SNU-484; 

ovarian cancer cell line SNU-840; cervical cancer cell line HeLa) at 72 h after 

treatment. The internalization of calgranulin B was confirmed based on 

Western blot analysis (Fig 3A) and confocal microscopy (Fig 3B). Relatively 

low uptake of calgranulin B has been observed in HCT-116, but SNU-81 and 

SNU-C4 showed higher efficiency of calgranulin B uptake (Fig 3A). To 

further explore the internalization pathway of calgranulin B, cells were co-

treated with calgranulin B and Alexa 488-labeled transferrin (clathrin-

mediated endocytosis, TF), cholera toxin-B (caveolae/lipid raft-mediated 

endocytosis, Ctx-B), or dextran (micropinocytosis; Fig 3C). In the HCT-116 
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cell line, calgranulin B co-localized with both TF and Ctx-B. Dextran did not 

enter the three cell lines (HCT-116, SNU-C4, SNU-81). Three inhibitors have 

been used to investigate the internalization pathway of calgranulin B: CPZ 

(clathrin-mediated endocytosis), MßCD (caveolae/lipid raft-mediated 

endocytosis), and Cyto D (macropinocycosis). The amount of reduction for 

internalized calgranulin B was analyzed using confocal microscopy (Fig 3D, 

upper panel) and flow cytometry (Fig 3D, lower panel). Internalization of 

calgranulin B was not inhibited by CPZ, MßCD, or Cyto D. These results 

demonstrated that calgranulin B may enter HCT-116 cells via different 

endocytosis pathways. Unlike the HCT-116 cell line, SNU-C4 cells were co-

localized with both TF and Ctx-B, and calgranulin B uptake was inhibited by 

both CPZ and MßCD, but not by Cyto D. According to the results, calgranulin 

B was internalized into the SNU-C4 cell line by both clathrin-mediated and 

caveolae/lipid raft-mediated endocytosis, and both caveolae/lipid raft-

mediated endocytosis and macropinocytosis were involved in the 

internalization of calgranulin B into the SNU-81 cell line.  
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Fig 3. Internalization of extracellular calgranulin B into colon cancer cell 

lines (A) Uptake of extracellular calgranulin B in colon cancer cell lines. 

Western blot analysis performed after the calgranulin B treatment. Colon 

cancer cell lines (SNU-81, SNU-C4, HCT-116) showed a positive 

immunoreactive signal of calgranulin B at 72 h after treatment of 100 nM 

calgranulin B, but gastric cancer (SNU-484), ovarian cancer (SNU-840), and 

cervical cancer (HeLa) cell lines did not. (B) Confocal microscopy of 

internalized calgranulin B in colon cancer cells. Confocal microscopic data 

clearly support the Western analysis results in (A). Localization of calgranulin 
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B is observed in the cytoplasm of colon cancer cell lines (SNU-81, SNU-C4, 

HCT-116). The nucleus was stained with DAPI, and merged images revealed 

no overlapping areas. SK-BR-3 was used as a positive control of calgranulin 

B. (C) Co-localization of calgranulin B with intracellular endocytosis markers. 

HCT-116, SNU-C4, and SNU-81 cells were co-treated with 100 nM 

calgranulin B (red) and 10 μg/ml Alexa 488-transferrin (TF, green in the left 

panel) or 10 μg/ml Alexa 488-cholera toxin-B (CtxB, green in the right panel). 

At 2 h after treatment, confocal microscopic analysis was performed. Nuclei 

were visualized by staining with Hoechst 33342 (blue). My data support the 

internalization of calgranulin B into colon cancer cell lines. Scale bars, 5 μm. 

(D) Effects of endocytosis inhibitory drugs on calgranulin B uptake of colon 

cancer cell lines. HCT-116, SNU-C4, and SNU-81 cell lines were incubated 

with calgranulin B (100 nM) for 2 h with or without pretreatment of CPZ (10 

μg/ml), MßCD (5 mM), and Cyto D (1 μg/ml) for 30 min. The internalized 

levels of calgranulin B were analyzed using confocal microscopy (upper 

panel) and flow cytometry (lower panel) using rabbit anti-calgranulin B IgG 

and Alexa 647-goat anti-rabbit IgG. Scale bars, 5 μm.  
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Extracellular treatment of calgranulin B induced 

antitumor effects in colon cancer cells  

Extracellular treatment of calgranulin B suppressed proliferation of all three 

colon cancer cell lines tested (Fig 4A, left panel). Significant changes in cell 

proliferation after calgranulin B treatment were not detected in other types of 

cancer cell lines (Fig 4A, right panel). Changes in the cell cycle after 

calgranulin B treatment were observed in all six cell lines tested, and the most 

significant change was an arrest at the sub-G1 phase (Fig 4B). Apoptotic cell 

death was significantly induced after 100 nM calgranulin B treatment in colon 

cancer cell lines compared to other types of cancer cells (Fig 4C). 

Furthermore, extracellular treatment of calgranulin B resulted in a change in 

the main intracellular signaling events in colon cancer cell lines. The total 

amount of cleaved caspase-3 and p53, as well as the phosphorylation of AKT, 

ERK, and JNK, were increased by the calgranulin B treatment, whereas β-

catenin and E-cadherin expression were downregulated in colon cancer cell 

lines.  
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Fig 4. Various effects of internalized calgranulin B on colon cancer cell 

lines (A) Decreased proliferation of colon cancer cell lines after calgranulin B 

treatment. The MTT colorimetric proliferation assay revealed higher cell 

death in SNU-C4 cancer cells compared to SNU-81 and HCT-116 after 48–72 

h of treatment. (B) Cell cycle arrest after calgranulin B treatment. FACS 

analysis confirmed that the cell cycle was changed in all tested cell lines 

(excluding HeLa) at 72 h after extracellular treatment with 100 nM 

calgranulin B. (C) Increased apoptosis of colon cancer cell lines after different 
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concentrations of calgranulin B treatment. Tunnel assay showed that apoptosis 

was effectively increased in colon cancer cell lines at 72 h after an 

extracellular treatment with 100 nM calgranulin B. (D) Alteration in 

intracellular signaling events induced by treatment of calgranulin B in colon 

cancer cell lines. Calgranulin B (100 nM) was administered, and after 72 h, 

various intracellular signaling was monitored using Western blot analysis. 

Total levels of cleaved caspase-3 and p53, as well as the phosphorylation of 

AKT, ERK, and JNK, were upregulated after the calgranulin B treatment. In 

contrast, the expression of β-catenin and E-cadherin was suppressed in colon 

cancer cell lines.  
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Intravenous injection of calgranulin B suppressed tumor 

volume in the HCT-116 colon cancer xenograft model  

To investigate the antitumor effects of calgranulin B in vivo, calgranulin B 

protein was intravenously injected into xenograft mice with an implanted 

tumor. After calgranulin B injection, volumetric growth of the tumor was 

determined. Significant alleviation in tumor volume was observed in a 

calgranulin B-injected tumor xenograft model (Fig 5). Both volumetric 

analysis (Fig 5A) and PET-CT imaging (Fig 5B) confirmed the significant 

tumor decrease in calgranulin B-injected groups [10 μg/kg (n = 5) and 50 

μg/kg (n = 6)] compared to a PBS-treated group (n = 5; P < 0.001). To 

confirm whether injected calgranulin B was present on tumors, 

immunohistochemistry was performed using tumor tissues. A positive 

immunoreactive signal of calgranulin B was observed only in the tumor 

tissues of calgranulin B-injected groups (Fig 5C).  
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Fig 5. Antitumor effect of calgranulin B in the HCT-116 colon cancer 

xenograft model (A) Measurement of tumor volume in the xenograft model. 

Tumor volume of mice with intravenous injection of calgranulin B was 

significantly lower than those of PBS-only controls. (B) 
18

F-FDG PET-CT 

imaging for changes in tumors after calgranulin B injection. (C) 

Immunohistochemistry of calgranulin B in tumor tissues obtained from the 

xenograft model. A positive immunoreactive signal of calgranulin B was 

observed in tumor tissues obtained from calgranulin B-injected groups. 
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Calgranulin B interacted with aurora A kinase and the 

activity of aurora A kinase decreased in the presence of 

calgranulin B 

To explore the antitumor mechanism(s) of calgranulin B, proteins that may 

interact with calgranulin B were screened using a human protein microarray. 

Initially, an effective vector tagged with V5 expressing calgranulin B was 

constructed (Fig 6A), and the GST–human calgranulin B fusion protein with a 

V5 tag (~37 kDa) was purified from extracts of transformed E. coli cells (Fig 

6B). A purified fusion protein was used in assays of human protein 

microarrays with approximately 4,000 protein probes. In total, 71 proteins 

were identified to interact with calgranulin B (Table 2). Among the proteins 

with a higher interaction rank, aurora A kinase was further studied (Fig 6C). 

Interactions between calgranulin B and aurora A kinase were confirmed via 

reverse immunoprecipitation (Fig 6D). To clarify the effect of an interaction 

between the two proteins, the activity of aurora A kinase was determined in 

the presence of calgranulin B. Aurora A kinase activity decreases in a dose-

dependent manner (Fig 6E); enzyme activity decreased by approximately 13% 

more than the positive control in the presence of 200 ng/ml (14.28 pmol) of 
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calgranulin B (Fig 6E).  
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Fig 6. Decreased activity of aurora A kinase upon interactions with 

calgranulin B 

(A) Recombinant human calgranulin B V5-tagged vector construction. The 

recombinant protein was fused with GST at the N-terminal region for 

purification and the V5 tag at the C-terminal region for protein–protein 

interactions. (B) Image of SDS-PAGE gel showing the glutathione S-
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transferase (GST)–human calgranulin B fusion protein purified from E. coli. 

Lanes 1–4 indicate the whole homogenate, flow-through of GST column, 

wash of the GST column, and the elution of fusion protein, respectively. (C) 

Human protein microarray. Aurora A kinase was identified as one of the 

protein candidates interacting with calgranulin B. (D) Immunoprecipitation 

(IP) of calgranulin B and aurora A kinase to confirm the interaction between 

calgranulin B and aurora A kinase. (E) Aurora A kinase activity assay in the 

presence of calgranulin B. Calgranulin B suppressed aurora A kinase activity 

in a dose-dependent manner.  
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Table 2. Identification of proteins interacting with calgranulin B using a 

human protein microarray (protein cutoff value calculated by = Z score; protein 

cutoff value = 3) 

Protein ID Protein Name 
Ultimate 

ORF ID 
Array ID 

Coefficient 

of 

Variance 

Z-Score 

NM_016619.1 
Homo sapiens placenta-

specific 8 (PLAC8), 
IOH10473 B48R11C13 0.03834 15.10852 

NM_003621.1 

Homo sapiens PTPRF 

interacting protein, binding 

protein 2 (liprin beta 2) 

(PPFIBP2), 

IOH10784 B47R12C11 0.01983 10.83590 

BC001280.1 

Homo sapiens 

serine/threonine kinase 6, 

transcript variant 1 (aurora 

A kinase) 

IOH21165 B48R05C01 0.00805 10.13734 

NM_000993.2 
Homo sapiens ribosomal 

protein L31 (RPL31), 
IOH14051 B41R10C03 0.01729 10.13514 

NM_005435.2 

Homo sapiens Rho guanine 

nucleotide exchange factor 

(GEF) 5 (ARHGEF5), 

transcript variant 1 

IOH14526 B47R03C13 0.06781 9.93084 

BC033621.2 

Homo sapiens 

pseudouridylate synthase 7 

homolog (S. cerevisiae)-like 

IOH21688 B44R11C03 0.02472 9.14002 

BC014949.1 
Homo sapiens likely 

ortholog of mouse D11lgp2 
IOH13331 B41R11C07 0.07971 8.95111 

NM_032345.1 

Homo sapiens within bgcn 

homolog (Drosophila) 

(WIBG) 

IOH6625 B43R09C15 0.01188 8.34042 

BC033758.1 
Homo sapiens centaurin, 

alpha 2 
IOH21879 B47R12C05 0.06954 8.33602 

BC012021.1 
Homo sapiens ring finger 

protein 125 
IOH10818 B48R11C15 0.04443 8.31406 

NM_015640.1 

Homo sapiens PAI-1 

mRNA-binding protein 

(PAI-RBP1) 

IOH22934 B41R08C07 0.08258 8.10318 

NM_002070.1 

Homo sapiens guanine 

nucleotide binding protein, 

alpha inhibiting activity 

polypeptide 2 (GNAI2), 

IOH14604 B41R05C03 0.03085 7.87033 
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NM_033661.1 
Homo sapiens WD repeat 

domain 4 (WDR4) 
IOH6391 B40R05C13 0.05473 7.54740 

NM_182563.2 
Homo sapiens hypothetical 

protein MGC21830  
IOH25780 B46R11C15 0.02205 7.46173 

BC007320.2 Homo sapiens annexin A10 IOH5857 B47R03C13 0.01416 7.17396 

BC032485.1 

Homo sapiens apoptosis-

inducing factor like, 

transcript variant 2 

IOH21724 B42R10C15 0.03692 6.69727 

BC067735.1 
Homo sapiens cDNA clone 

MGC86968 
IOH40060 B22R12C03 0.02645 6.17446 

NM_001002913.1 

Homo sapiens peptidyl-

tRNA hydrolase 1 homolog 

(S. cerevisiae) (PTRH1) 

IOH26561 B47R10C19 0.04670 6.03386 

NM_016304.2 
Homo sapiens chromosome 

15 open reading frame 15 
IOH7552 B47R11C17 0.04379 5.95698 

BC001709.1 Homo sapiens NAD kinase IOH4911 B48R05C15 0.08107 5.92183 

BC045535.1 
Homo sapiens chromosome 

1 open reading frame 25 
IOH26895 B38R11C01 0.09805 5.76586 

BC016854.1 
Homo sapiens PTD015 

protein 
IOH10430 B45R07C19 0.01789 5.61868 

BC028218.1 
Homo sapiens Z-DNA 

binding protein 1 
IOH11616 B37R12C05 0.02596 5.57695 

NM_031412.1 

Homo sapiens GABA(A) 

receptor-associated protein 

like 1 (GABARAPL1) 

IOH14808 B38R09C01 0.04810 5.52642 

NM_031465.2 
Homo sapiens chromosome 

12 open reading frame 32 
IOH6623 B47R11C09 0.04351 5.49787 

NM_003146.2 

Homo sapiens structure 

specific recognition protein 

1 

IOH4845 B44R12C01 0.07961 5.33311 

BC010501.1 

Homo sapiens catenin 

(cadherin-associated 

protein), delta 1 

IOH10253 B40R09C17 0.06825 5.26721 

BC068537.1 

Homo sapiens serine 

palmitoyltransferase, long 

chain base subunit 1 

IOH40089 B47R12C13 0.02209 5.19911 

BC029611.1 

Homo sapiens amyotrophic 

lateral sclerosis 2 (juvenile) 

chromosome region, 

candidate 4 

IOH28688 B34R07C07 0.07119 5.16836 

BC007888.1 

Homo sapiens eukaryotic 

translation initiation factor 

2, subunit 2 beta, 38kDa 

IOHY29315 B46R07C11 0.06572 5.00800 
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BC005858.1 Homo sapiens fibronectin 1 IOH5967 B45R11C17 0.01453 4.84544 

NM_002867.2 

Homo sapiens RAB3B, 

member RAS oncogene 

family (RAB3B) 

IOH6672 B43R05C11 0.06001 4.83886 

BC033856.1 

Homo sapiens La 

ribonucleoprotein domain 

family, member 1 

IOH21797 B28R07C15 0.03094 4.83446 

NM_003897.2 

Homo sapiens immediate 

early response 3 (IER3), 

transcript variant short 

IOH6603 B26R10C13 0.05278 4.83446 

BC009762.2 
Homo sapiens tripartite 

motif-containing 41 
IOH14113 B45R09C15 0.05610 4.47639 

NM_014868.1 
Homo sapiens ring finger 

protein 10 (RNF10) 
IOH9787 B41R07C05 0.02550 4.46541 

NM_001203.1 

Homo sapiens bone 

morphogenetic protein 

receptor, type IB 

(BMPR1B) 

 B25R05C13 0.02653 4.39731 

NM_015939.2 
Homo sapiens CGI-09 

protein (CGI-09) 
IOH3137 B33R08C15 0.02087 4.32921 

NM_013975.1 

Homo sapiens ligase III, 

DNA, ATP-dependent 

(LIG3), transcript variant 

alpha 

IOH40893 B14R12C01 0.02318 4.26990 

NM_013375.2 

Homo sapiens activator of 

basal transcription 1 

(ABT1) 

IOH1920 B36R09C15 0.07796 4.25672 

NM_005517.2 

Homo sapiens high-mobility 

group nucleosomal binding 

domain 2 (HMGN2) 

IOH40568 B26R11C09 0.07627 4.23695 

BC053365.1 

Homo sapiens ribosomal 

protein S6 kinase, 70kDa, 

polypeptide 1 

IOH29003 B18R10C11 0.01801 4.19961 

BC007009.1 
Homo sapiens 

carboxypeptidase A2  
IOH7191 B48R05C03 0.03695 4.08538 

NM_005299.1 

Homo sapiens G protein-

coupled receptor 31 

(GPR31) 

IOH39404 B48R11C05 0.00860 4.05023 

BC006105.1 
Homo sapiens chromosome 

6 open reading frame 134 
IOH5992 B42R14C11 0.11435 4.00629 

NM_016271.3 

Homo sapiens ring finger 

protein 138 (RNF138), 

transcript variant 1 

IOH11194 B47R11C13 0.08044 3.96236 
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BC002555.1 

Homo sapiens CDC-like 

kinase 3, transcript variant 

phclk3 

IOH4008 B38R10C01 0.07857 3.90524 

NM_020239.2 

Homo sapiens CDC42 small 

effector 1 (CDC42SE1), 

transcript variant 2 

IOH21482 B48R09C09 0.00521 3.88548 

BC029378.1 

Homo sapiens telomeric 

repeat binding factor 

(NIMA-interacting) 1, 

transcript variant 2 

IOH23186 B25R11C03 0.04249 3.88108 

NM_004383.1 
Homo sapiens c-src tyrosine 

kinase (CSK) 
 B01R05C05 0.10524 3.75807 

NM_000989.2 
Homo sapiens ribosomal 

protein L30 (RPL30) 
IOH3809 B30R09C05 0.01080 3.74628 

BC008730.2 
Homo sapiens hexokinase 1, 

transcript variant 1 
IOH5942 B33R11C13 0.05613 3.69876 

BC014991.1 

Homo sapiens N-

methylpurine-DNA 

glycosylase, transcript 

variant 2 

IOH12177 B37R09C11 0.07194 3.64384 

NM_021639.2 

Homo sapiens GC-rich 

promoter binding protein 1-

like 1 (GPBP1L1) 

IOH10045 B46R10C03 0.06849 3.56915 

NM_006433.2 

Homo sapiens granulysin 

(GNLY), transcript variant 

NKG5 

IOH27865 B33R11C09 0.06077 3.49665 

BC005004.1 

Homo sapiens family with 

sequence similarity 64, 

member A 

IOH4814 B29R12C17 0.05013 3.49446 

BC038976.1 
Homo sapiens Rho GTPase 

activating protein 15 
IOH28763 B09R06C13 0.03706 3.48567 

NM_033642.1 

Homo sapiens fibroblast 

growth factor 13 (FGF13), 

transcript variant 1B 

IOH36760 B35R11C17 0.08543 3.45931 

BC021263.1 

Homo sapiens RAB24, 

member RAS oncogene 

family, transcript variant 1 

IOH14642 B29R04C03 0.14201 3.41099 

NM_021104.1 

Homo sapiens ribosomal 

protein L41 (RPL41), 

transcript variant 1 

IOH13630 B14R10C07 0.04836 3.37584 

NM_006205.1 

Homo sapiens 

phosphodiesterase 6H, 

cGMP-specific 

IOH40356 B34R11C15 0.00255 3.36705 
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NM_052845.1 

Homo sapiens 

methylmalonic aciduria 

(cobalamin deficiency) cblB 

type (MMAB), 

IOH13544 B45R04C03 0.05270 3.30993 

NM_006298.2 
Homo sapiens zinc finger 

protein 192 (ZNF192) 
IOH34757 B21R11C13 0.05283 3.30115 

BC053557.1 
Homo sapiens zinc finger 

protein 740 
IOH29019 B20R09C15 0.02264 3.28138 

NM_138551.1 

Homo sapiens thymic 

stromal lymphopoietin 

(TSLP), transcript variant 2 

IOH13700 B21R10C19 0.07185 3.25941 

NM_130398.1 

Homo sapiens exonuclease 

1 (EXO1), transcript variant 

2 

IOH5832 B47R12C03 0.01349 3.16934 

NM_004645.1 Homo sapiens coilin (COIL) IOH14379 B29R10C17 0.10185 3.16056 

NM_031434.2 

Homo sapiens chromosome 

7 open reading frame 21 

(C7orf21) 

IOH3021 B39R12C07 0.04527 3.14518 

NM_152736.2 

Homo sapiens zinc finger 

protein 187 (ZNF187), 

transcript variant 3 

IOH14153 B44R10C03 0.02357 3.14079 

BC001132.1 

Homo sapiens DEAD (Asp-

Glu-Ala-Asp) box 

polypeptide 54 

IOH3853 B08R05C15 0.07076 3.09465 

BC016645.2 

Homo sapiens 

phosphoserine 

aminotransferase 1, 

transcript variant 1 

IOH25785 B18R10C19 0.07991 3.05731 
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Discussion 

 

Calgranulin B was originally discovered as an immunogenic protein 

expressed and released from inflammatory cells (Gebhardt et al., 2006). The 

expression of calgranulin B has been observed in various cell types, i.e., 

myeloid cells, lymphoid cells, and cancer cells, as well as tumor stromal cells 

(Markowitz et al., 2013). In particular, the upregulation of calgranulin B has 

been reported in numerous cancer types including breast cancer, colorectal 

cancer, squamous cervical cancer, breast apocrine carcinomas, pulmonary 

adenocarcinoma, bladder carcinoma, non-small cell lung cancer, gastric 

cancer, nasopharyngeal carcinoma, and hepatocellular carcinoma (Arai et al., 

2000, Arai et al., 2001, El-Rifai et al., 2002, Arai et al., 2004, Cross et al., 

2005, Celis et al., 2006, Chao et al., 2006, Yao et al., 2007, Turovskaya et al., 

2008, Kim et al., 2009, Li et al., 2009, Zhu et al., 2009, Zhu et al., 2009, Ohri 

et al., 2011). Similar to other types of cancer, several previous studies showed 

elevated levels of calgranulin B in serum, tissue, and stool of patients with 

colon cancer (Stulik et al., 1997, Yoo et al., 2008, Kim et al., 2009, Duan et 

al., 2013). Expression of calgranulin B in the poorly differentiated colon 

cancer tissues was higher than that of the well- and moderately differentiated 
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colon cancer tissues (Duan et al., 2013). With regard to the Dukes stage, the 

levels of calgranulin B of advanced colon cancer samples were higher than 

that of early stage colon cancer samples (Duan et al., 2013). These results 

suggested that their positive expression in tumor cells was associated with 

lymph node metastasis, Dukes stage, and histological grade (Duan et al., 

2013).  

Recent studies strongly support the expression of calgranulin B in tissues of 

patients with colon cancer and its pathological role in colon cancer. 

Nevertheless, my data clearly show that colon cancer cell lines established 

from patient tissues never produced calgranulin B protein (Fig. 1A). 

Calgranulin B was not detected in the 20 colon cancer cell lines tested in the 

present study, and promoter methylation of the calgranulin B gene was shown 

to cause silencing of calgranulin B expression (Fig. 1C). To clarify the 

authenticity of previous reports demonstrating calgranulin B expression in 

tissues of patients with colon cancer, immunohistochemistry was performed in 

tissues obtained from 49 patients. The calgranulin B protein level was 

estimated in tumor cells, luminal necrotic debris, and stromal inflammatory 

cells. Notably, the expression of calgranulin B in colon cancer tissues was 

significantly correlated with those of stromal inflammatory cells (P = 0.001; 



５６ 

Fig. 2). My findings based on in vitro cell lines and immunohistochemistry 

suggested that calgranulin B is not expressed in colon tumor cells or that 

calgranulin B in colon tumor cells may result in the uptake of calgranulin B 

secreted from inflammatory cells in cancer stromal tissue.  

To test these hypotheses, I explored whether extracellular calgranulin B is 

internalized in colon cancer cells. Calgranulin B treated in the culture medium 

was slowly internalized in all three colon cancer cell lines tested (SNU-81, 

SNU-C4, HCT-116); however, such internalization was not observed in other 

cancer cell lines (Fig. 3A-C). My in vitro findings confirmed that colon cancer 

cell lines did not express calgranulin B after promoter methylation of the 

calgranulin B gene, and extracellular calgranulin B in the culture medium can 

be typically internalized into colon cancer cell lines. Furthermore, the 

possibility exists that calgranulin B detected in colon tumor cells may be a 

secreted protein from inflammatory cells infiltrated in stromal tissue. However, 

this hypothesis requires further study. Why is the internalization pathway of 

calgranulin B specified only in colon cancer cells? To address this question, 

the effects of three endocytosis inhibitory drugs (CPZ for clathrin-mediated 

endocytosis; MßCD, caveolae/lipid raft-mediated endocytosis; Cyto D, 

macropinocycosis) on calgranulin B uptake of colon cancer cell lines was 
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investigated (Fig. 3D). Calgranulin B was able to enter the HCT-116 cell line 

via different endocytosis pathways. Internalization of calgranulin B in SNU-

C4 cells was inhibited by both CPZ and MßCD, but not by Cyto D. 

Calgranulin B is more likely internalized into the SNU-C4 cell line by both 

clathrin-mediated and caveolae/lipid raft-mediated endocytosis. Nevertheless, 

both caveolae/lipid raft-mediated endocytosis and macropinocytosis was 

involved in the internalization of calgranulin B into SNU-81 cells. 

Unfortunately, my results did not allow me to define the specified 

internalization pathway of calgranulin B into colon cancer cells, but support 

that colon tumor cells may uptake calgranulin B protein secreted into the 

inflammatory microenvironment of tumor stromal tissues.    

I next explored the function of calgranulin B internalized into colon cancer 

cells. Although the internalized mechanism(s) were not clearly defined, all 

three colon cancer cell lines showed common changes, i.e., suppressed cell 

proliferation, cell cycle arrest, and apoptotic cell death after calgranulin B 

uptake (Fig. 4A-C). Calgranulin B produced by immune cells forms 

calprotectin, a heterodimer complex of calgranulin A (S100A8) and 

calgranulin B, and functions as a powerful apoptotic agent that can serve as a 

lead compound for cancer-selective therapeutics (Ghavami et al., 2009). 
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Extracellular calprotectin exhibits growth-inhibitory properties and promotes 

cytotoxicity and apoptosis in many different human and mouse tumor cells 

(Ghavami et al., 2009). In contrast, Calgranulin A and B expression in cancer 

cells has been associated with cancer invasion, tumor development, or 

metastasis (Ghavami et al., 2009). However, a recent study suggests that 

depending on the molecular environment, calgranulin B can inhibit or 

promote tumor growth in cancer (Srikrishna 2012, Markowitz et al., 2013). 

Calgranulin B seems to inhibit cancers at high concentrations and may 

promote tumor growth at low concentrations (Srikrishna 2012). My in vitro 

(Fig. 4) and in vivo study (Fig. 5) showed that calgranulin B may effectively 

suppress colon cancer cell proliferation, and this finding demonstrates the 

anti-colon cancer effects of calgranulin B only, but not the complex with 

calgranulin A.  

I also investigated the main cellular signaling pathway after internalization 

of calgranulin B into colon cancer cells (Fig. 4D). Calprotectin has been 

reported as an endogenous agonist of TLR4 and triggers TLR signaling 

pathways, leading to activation of NF-κB (Mellins et al., 2011). In the tumor 

microenvironment, calprotectin secreted by myeloid cells binds to RAGE on 

tumor cells in a carboxylated-glycan-dependent manner, promoting the 
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activation of MAPK signaling pathways and NF-kB (Srikrishna 2012). 

Increased calgranulin B may promote apoptosis via both p53-dependent and -

independent pathways (Li et al., 2009); however, intensive studies on the 

signaling pathway induced by calgranulin B are required. My present study 

showed that SNU-81 enhanced signaling of AKT and ERK and increased p53 

protein expression after treatment with extracellular calgranulin B (Fig. 4D). 

Increased phosphorylation of AKT and downregulation of β-catenin and E-

cadherin were common events caused by calgranulin B, but upregulation of 

NF-kB was only observed in HCT-116 (Fig. 4D). Consequently, my results 

confirm that signaling changes induced by calgranulin B was variable 

depending on the individual types of colon cancer cells. C-caspase-3 increased 

after the extracellular calgranulin B treatment, indicative of apoptotic cell 

death. However, excluding the downregulation of β-catenin, most changes in 

the main signaling pathways and expression of tumor suppressors were 

favorable for tumor progression. Therefore, the downregulation of β-catenin is 

important for the antitumor effects of calgranulin B.   

To clarify the antitumor function(s) of internalized calgranulin B in colon 

cancer cells, I performed a human protein microarray and selected aurora A 

kinase as a target of internalized calgranulin B (Fig. 6, Table 2). Aurora A 
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kinase plays an important role in centrosome maturation, and centrosomal 

anomalies have been demonstrated in tumor formation and progression (Pihan 

et al., 2001). Overexpression of aurora A kinase has been reported in several 

malignancies including colon, liver, pancreas, ovary, gastric, breast, and 

bladder cancers (Tanaka et al., 1999, Sakakura et al., 2001, Goepfert et al., 

2002), and its overexpression inhibits p53 family members and suppresses 

apoptosis and cell cycle arrest (Dar et al., 2010). Therefore, several inhibitors 

of aurora Kinases have been developed as anticancer drugs (e.g., AZD1152, 

MLN8054, MLN8237) and are currently at the preclinical or clinical 

stages(Dar et al., 2010). Figure 6 clearly shows that calgranulin interacts with 

aurora A kinase, leading to an inhibition of aurora A kinase, and increases my 

understanding of how internalized calgranulin B may have strong antitumor 

effects.   

The significance of my results can be summarized as follows: First, 

calgranulin B internalizes specifically into colon cancer cells. Other types of 

cancers (excluding breast cancer) did not express calgranulin B or take up 

extracellular calgranulin B protein. Only colon cancer cells showed specific 

uptake of extracellular calgranulin B protein. Second, various pathways are 

involved in the internalization of calgranulin B into colon cancer cells 
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dependent on the cell line. Third, uptake of extracellular calgranulin B led to 

an apoptotic effect in colon cancer both in vivo and in vitro. Internalized 

calgranulin B can suppress cell proliferation and induce apoptosis signals 

through the regulation of aurora A kinase. My results increase my 

understanding regarding the biological role of calgranulin B in the 

inflammatory environment of colon cancer and suggest that calgranulin B can 

be used for molecular imaging and the treatment of colon cancer. 
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국문 초록 

대장암은 서구에서 가장 흔한 고형암 중의 하나로 국내에서도 그 

발생 빈도가 증가하고 있다. 이전 연구에서 대장암 환자 분변에서 

calgranulin B 단백질이 많이 검출되는 것을 보고한 바 있다. 그러나, 

세포 외부의 calgranulin B 단백질이 대장암세포에 미치는 영향과 

메커니즘이 명확히 밝혀져 있지 않기 때문에 본 연구는 calgranulin 

B와 대장암 간의 연관성에 초점을 맞춰 수행하였다.  

본 연구를 통하여 인체 유래 대장암 세포주에서 calgranulin B 

단백질이 발현되고 있지 않음을 확인하였고, 이러한 원인은 

calgranulin B gDNA 프로모터 지역의 메틸화에 기인함을 확인할 수 

있었다. 대장암 환자의 조직에서는 calgranulin B 단백질 발현과 

주변의 염증세포 사이에 양의 상관관계가 있음을 확인하였고, 

대장암 환자의 암조직과 정상조직 모두에서 calgranulin B gDNA 

프로모터 지역에 메틸화가 되어 있음을 확인하였다. 또한, 

대장암세포 외부의 calgranulin B 단백질이 대장암세포 내부로 

들어가지만 비대장암 세포주의 내부로는 들어가지 않는 것을 
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확인하였다. 이러한 calgranulin B의 흡수는 대장암세포주의 종류에 

따라 다양한 메커니즘을 통해 일어날 수 있다는 가능성을 

확인하였으며, 흡수된 calgranulin B 단백질이 대장암세포의 증식을 

억제하고 세포사멸을 유도한다는 것을 확인하였다. 

대장암세포로 흡수된 calgranulin B 단백질이 어떻게 세포증식의 

억제와 세포사멸을 유도하는지를 밝히기 위하여, calgranulin B 

단백질과 상호작용하는 세포 내 단백질들을 선별하였다. 그 중, 

세포의 암화 과정과 밀접한 aurora A kinase 단백질이 calgranulin B 

단백질과 상호 작용함을 확인하였고, 이러한 단백질 간의 

상호작용은 aurora A kinase의 활성을 억제함을 확인하였다. 또한, 

쥐를 이용한 이종이식 실험에서 정맥으로 주입된 calgranulin B 

단백질이 종양의 성장을 억제하는 것을 확인하였다.  

본 연구를 통하여 얻어진 일련의 결과들은 대장암조직 주변의 

염증미세환경에 존재하는 calgranulin B 단백질이 대장암세포의 

성장을 억제시킬 수 있다는 새로운 가능성을 제시한다.  
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주요어 : calgranulin B; colon cancer; protein internalization; inflammatory 

microenvironment; aurora A kinase. 
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