
Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 

 

CMUJ. Nat. Sci. 2021. 20(3): e2021055 

1 

Research article 

 
A Panel of Four Anti-HSPG Monoclonal Antibodies Benefits 

in Increasing the Specificity in Detection of Colorectal 
Cancer 

 
Ei Khaing Mon1, 2, Rujurek Chaiwongsa1, Phennapha Klangsinsirikul1, and  
Preeyanat Vongchan1,* 
 

1  Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai University, Chiang Mai 50200, Thailand 

2 Department of Medical Technology, University of Medical Technology, Mandalay, Myanma 
 

 

Abstract Colorectal cancer (CRC) is the second leading with main cause of death 

is liver and lung metastasis. Using of a combination of genetic and epigenetic 

markers are addressed but the results have not been approved in clinical practice.  

A set of serum biomarkers has been proposed to increase accuracy in early 

diagnosis of CRC.  In addition, non-invasive as well as the best prognostic panel 

of biomarkers and define predictive biomarkers for treatment of CRC are all aims  

of future research. HSPGs is an important biomolecule involving in cancer cell 

proliferation, differentiation, and migration. Membrane HSPGs shed into blood 

circulation and matrix in particular circumstance can be used as a specific 

biomarker for some cancer cells. In order to evaluate the benefit of a panel  

of anti-HSPGs monoclonal antibodies in increasing specificity to detect CRC, four 

clones of anti-HSPGs were studied for its specific reaction on various tumor cell 

lines by indirect immunofluorescent technique and analyzed by flow cytometer 

compared to normal white blood cells. A combination of two or more clones were 

focused. The results showed that all four clones presented a variation in reaction 

to all solid tumor cell lines tested but negative to normal white blood cells from 

different ABO blood groups. Interestingly, amongst those cells tested, HT29, a 

colorectal cancer cell lines were significantly reacted with all four monoclonal 

antibodies. Taken together, we proposed a panel of four anti-HSPGs monoclonal 

antibodies to be applied in various detection platforms to increase the specificity 

in screening of CRC.    
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INTRODUCTION 
 

There were 18.1 million new cases and 9.5 million cancer-related deaths 

worldwide in 2018. The number of new cancer cases per year is expected to rise to 29.5 

million and the number of cancer-related deaths to 16.4 million by 2040 

(https://www.cancer.gov/about-cancer/statistics). Amongst those, colorectal cancer 

(CRC) is the second leading with main cause of death is liver and lung metastasis (De 

Mattos-Arruda et al., 2011; Jemal et al., 2011). Significantly improvement of advances 

in treatment in recent years results in overall survival of patients with metastatic CRC 

with median of 10 months to 20 months (Wolpin and Mayer, 2008). Based on well 

understanding the mechanism of colorectal carcinogenesis, two monoclonal antibodies 

specific to epidermal growth factor receptor (EGFR), cetuximab (Erbitux) and to 

vascular endothelial growth factor (VEGF), bevacizumab (Avastin) have been targeted. 

In order to facilitate the selection of the best personalized treatment of metastatic CRC, 

predictive and prognostic biomarker are also increasingly focused. 

Tumor markers or biomarkers refer to substances which mainly are proteins or 

glycolipids but can be DNA, RNA, microRNA (miRNA), changes in epigenetics, and 

antibodies. They can be detected in blood, body fluids, and tissues and is a sign of 

normal or abnormal process, condition or disease (Langan et al., 2013). CRC derived 

DNA, RNA, and other biomolecules in stool and blood have been investigated 

extensively and commercially available such as KRAS, TP53, adenomatous polyposis 

coli (APC) and microsatellite instability (MSI) (Traverso et al., 2002; Osborn and 

Ahlquist, 2005; Bosch et al., 2011; Lech, Slotwinski et al., 2016) Using of a combination 

of genetic and epigenetic markers are also addressed but the results have not approved 

in clinical practice. More interestingly, screening of biomarkers in blood provides obvious 

advantages compared to those from stool.  

Amongst those protein biomarkers, carcinoembryonic antigen (CEA) has been 

used for more than 50 years (Gold and Freedman, 1965). However, CEA is not specific 

only for CRC. It can be detected in other gastric and pancreatic cancers as well as 

inflammatory conditions. Plasma concentration of CEA does not differentiate benign and 

malignant polyps. Therefore, CEA alone is not recommended for a screening test of CRC 

(Locker et al., 2006; Labianca et al., 2010; Duffy et al., 2014). Cancer antigen 19-1 or 

CA19-9 is another biomarker specific to CRC but sensitivity is much less compared to 

CEA. Therefore, elevation of plasma CA19-9 was agreed as a poor prognostic factor 

(Carpelan-Holmstrom et al., 2004; Locker et al., 2006; Nicolini et al., 2010; Labianca 

et al., 2010;  Lumachi et al., 2012). Other biomarkers for CRC are under investigated 

and studied by many research groups and some results has not yet been published 

(Lech et al., 2016). Moreover, a combination of serum biomarkers has been proposed 

to increase accuracy in early diagnosis of CRC. Some example is the combination of 

fecal occult blood and tissue inhibitor of metalloproteinase-1 (TIMP-1) and S100A12 

(Karl et al., 2008). Taken together, identification of biomarkers providing a non-invasive 

and cost-effective diagnosis as well as the recognition of the best prognostic panel of 

biomarkers and define predictive biomarkers for treatment of CRC are all aims of future 

research. 

Proteoglycans (PGs) are complex biomolecules consisting of protein core 

covalently linked with one or more glycosaminoglycan chain (GAGs). GAGs are classified 

into 4 types including heparan sulfate (HS), chondroitin sulfate (CS), dermatan sulfate 

(DS), and keratan sulfate (KS). In addition to biochemical structure, PGs can be 

classified according to cell location (cell surface, intracellular, pericellular, and 

extracellular), gene and protein homology, and specific protein modules in protein cores 

(Iozzo and Schaefer, 2015). A single cell type can produce many different PGs types as 

well as varying in expression level in various cell stages (Johnson et al., 2007; Sasaki 

et al., 2008; Kraushaar et al., 2010; Kraushaar et al., 2013) PGs involves in a proper 

structural development, organization, hydration, and functional effects in normal cells 

and tissues by the interaction with other matrix molecules, cells, and cellular mediators 

(Theocharis et al., 2010). As a result, PGs contribute to a several processes that are 

essential for homeostasis, differentiation, and tissue morphogenesis, participating in 

various normal and pathological processes, such as wound repair, inflammation, and 

tumor development (Frantz et al., 2010; Lu et al., 2011). Notably, several PGs and 

GAGs are mis-expressed in cancer. Expression of modified PGs on tumor and stromal 
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cell membranes play roles in cancer cell signaling, resulting in growth, migration, and 

angiogenesis that facilitating tumorigenesis via PGs functional modulation (Theocharis 

et al., 2010; Nikitovic et al., 2018). 

Amongst those, heparan sulfate proteoglycans (HSPGs) is most emphasized since 

it has crucial roles in normal growth and development. Perlecan, agrin and collagen 

XVIII are HSPGs found in ECM and two major families including syndecans and  

GPI-anchored glypicans are transmembrane HSPGs (Bernfield et al., 1999). Alteration 

in HSPG synthesis results in phenotypic changes from abnormal cell growth 

differentiation, organogenesis, bone formation and various pathophysiological process 

including cancer (Bernfield et al., 1999; Gallagher, 2001). Since modified PGs 

expression is markedly altered in carcinogenic tumor and stromal cell membranes, PGs 

are constituting prognostic markers and contributing to tumor progression through  

the modulation of virtually all hallmarks of cancer (Ibrahim et al., 2014).  

Cell surface HSPGs play roles in cancer pathogenesis is conditional on tissue origin 

and is used as a biomarker and therapeutic target feasible. For example, Syndecan-1, 

a single transmembrane PGs is expressed in normal liver tissues (Tatrai et al., 2010) 

but significantly reduced in poorly differentiated HCC and extrahepatic metastasis 

(Matsumoto et al., 1997). Positive syndecan-1 in HCC was associated with good 

differentiation and no extrahepatic metastasis (Li et al., 2005). Glypican-3, one of six 

members of glypican family which is the PGs that bind to plasma membrane via its  

C-terminal glycosylphosphatidylinositol (GPI) anchor. It is highly expressed in HCC but 

not normal liver (Okabe et al., 2001) or benign, so it has a potential as a biomarker for 

diagnosis of early stage HCC (Zhu et al., 2001; Capurro et al., 2003; Libbrecht  

et al., 2006). Overexpression of glypican-3 was significantly related to poor prognosis 

of patients with HCC (Shirakawa et al., 2009; Kaseb et al., 2016; Liu et al., 2018; 

Zhang et al., 2018). Glypican-3 is not used only as a serum biomarker. It has been 

applied for an immune-specific target for cancer immunotherapy as well as a developing 

of cancer vaccine (Ishiguro et al., 2008; Nakano et al., 2009; Zhu et al., 2013; Ikeda 

et al., 2014). 

Ectodomain of several membrane PGs can undergo controlled enzymatic cleavage 

by a so-called sheddases resulting in shedding of soluble intact ectodomain (Nam and 

Park, 2012). For instance, shedding of syndecan-1 by a cleavage of various matrix 

metalloproteinase (MMPs) including MMP-7 (Ding et al., 2005). Glypican-3 can also be 

detected in serum as cleavage by a hydrolase enzyme Notum (Traister et al., 2008). 

Serum glypican-3 was detected in 40% of HCC patients but not cirrhosis (Nakatsura  

et al., 2003). Moreover, one-third of HCC patients with negative AFP and des-gamma-

carboxy prothrombin (DCP) were positive for serum glypican-3.  

Human liver HSPG was isolated by strong anion exchange and monoclonal anti-

HSPG antibodies was raised (Vongchan et al., 2005). One of those, 1E4-1D9 have been 

fully characterized and proved to be anti-glypican-3 (Vongchan and Linhardt, 2017). 

Another one, 1E4-1C2 was found to be positive by indirect immunofluorescent 

technique on various solid tumor cell lines including HT29, colorectal cancer. The study 

in HCC, hepatocellular carcinoma cell, demonstrated that 1E4-1C2 could significantly 

inhibit HCC cell proliferation in dose dependent manner both in vitro and animal model 

(Vongchan et al., 2011). However, there are a number of anti-HSPG have not yet been 

identified including 1E2-2B8, 1E2-2C9 and 1E2-1D11. Antigens specific to these 

monoclonal antibodies have not yet been characterized.  

As previously reviewed, a combination of tumor markers and/or monoclonal 

antibodies specific to individual tumor cell may benefit to increase sensitivity and 

accuracy in screening of early phase cancer. HSPGs itself can also be cleavage and 

identified in matrix and serum. In addition, different expression level of HSPGs on each 

cell type depending also vary in phase of maturation. Moreover, some particular cells 

express more than one type of HSPGs. Thus, detection of a set of soluble HSPGs in 

serum sample at a time using a panel of anti-HSPGs may help increase sensitivity 

and/or specificity for early detection of specific tumor. 

Therefore, we proposed that using a panel of monoclonal antibodies specific to 

HSPGs may help increase specificity in detection of individual tumor. In the present 

study, four monoclonal antibodies specific to HSPGs isolated from human liver were 

individually screened for its specific to react on various solid tumor cell lines compared 

to normal white blood cells collected from healthy subjects with various ABO blood 
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group system. Upon analysis, it was demonstrated that four monoclonal anti-HSPGs 

antibodies could react specifically to colorectal cancer cell lines, HT29 while some or 

none in reacting to other cell lines. A panel of four monoclonal antibodies is proposed 

to be a candidate of choice for serum screening of early detection of colorectal cancer. 

Moreover, this is the first report of using anti-HSPGs in detection of its antigen specific 

on this implicated cancer. 
 
MATERIALS AND METHODS 
 
Cell lines and materials 

HT29 (colorectal adenocarcinoma) was a kind gift from Prof. Dr. Pa-thai 

Yenchitsomanus, Faculty of Medicine Siriraj Hospital, Mahidol University, HepG2 

(hepatocellular carcinoma) was given from Assoc. Prof. Dr. Ariyaphong Wongnoppavich, 

Department of Biochemistry, Faculty of Medicine, Chiang Mai University. Other cell lines 

including SW620 (colorectal adenocarcinoma metastatic, lymph node), SW1353 

(chondrosarcoma), KB (mouth epidermal carcinoma) and MCF7 (breast 

adenocarcinoma) were gifts from Assoc. Prof. Dr. Weera Wongkum, Department of 

Biology, Faculty of Sciences, Chiang Mai University. All solid tumor cell lines were grown 

in DMEM high glucose supplemented with 10% Fetal calf serum (Gibco, Life 

Technologies, NY, USA). IsoStrip for antibody isotyping was purchased from Roche  

(IN, USA). Other common reagents used in this studies were purchased from local 

reputable companies including PCL Holdings (Thailand) and Pacific Sciences (Thailand). 

Preparation of monoclonal anti-HSPG antibodies 
Four hybrid clones producing anti-HSPGs (1E4-1C2, 1E2-2B8, 1E2-2C9, and 1E2-

1D11) were grown in DMEM high glucose (Gibco, Life Technologies, NY, USA) 

supplemented with OPI (Sigma-Aldrich (St. Louis, MO, USA).) and 10% fetal bovine 

serum (Gibco, Life Technologies, NY, USA) in 37 °C, 5%CO2, and 5% humidification. 

Isotype of monoclonal antibodies was identified using IsoStrip as according to the 

manufacturer’s instructions. Briefly, cell culture supernatant from hybrid anti-HSPGs 

was firstly 1:10 diluted with 1%BSA in PBS pH 7.2. Diluted sample (150 μL) was then 

applied onto an isotyping strip and incubated for 1 minute. Finally, the strip was 

removed and let air dried for 10 minutes and the reaction was read. Monoclonal  

anti-HSPG antibodies were purified from cell culture supernatant using Protein L affinity 

agarose beads (InvivoGen, Life Science Research Products, Califonia, USA). In brief, 4 

mL of 50% slurry Protein L beads are packed into the column and washed with 

equilibrate/wash buffer (10 mM sodium phosphate, 150 mM sodium chloride, pH 7.2). 

Cell culture supernatant was applied and allowed to flow completely into the resin. 

Column was washed with equilibrate/wash before eluting with 5 mL of elution buffer 

(0.1M glycine, pH 2.0).  Fractions of 1.0 mL were collected and adjusted to physiologic 

pH with 40 µL of neutralization buffer (1M Tris, pH 7.5). Fractions were then measured 

the absorbance at 280 nm by UV spectrophometer (EON Biotek, Scientific Instruments, 

Vermont, USA). Purified monoclonal antibody was dialyzed against PBS pH 7.2 and 

concentrated. 

Expression of antigen specific to monoclonal anti-HPGs 

antibodies on various cell lines  

Indirect immunofluorescent staining was performed to determine the expression 

of antigen specific to monoclonal antibody clone 1E4-1C2, 1E2-2B8, 1E2-2C9, and 1E2-

1D1 on various solid tumor cell lines. Fifty µL of cells (1 x 107 cells/mL) was incubated 

with heat inactivated normal human AB serum on ice at a final concentration of 10% 

for 30 min to block Fc receptor. Monoclonal antibody was individually added 50 µL to a 

final concentration of 20 µg/mL and incubated on ice for another 30 min. One percent 

BSA in phosphate buffered saline (PBS) pH 7.2, 0.02% sodium azide were used as 

conjugate control. After 3 washes with 1%BSA in PBS pH 7.2, 0.02% sodium azide, 

cells were resuspended to 50 µL with 1%BSA in phosphate buffered saline and added 

with 50 µL of FITC conjugated rabbit anti-mouse Igs, 1:25 (DAKO, Glostrup, Denmark). 
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The reactions were extended incubation on ice for 30 minutes and washed out with  

4 changes of 1%BSA in PBS pH 7.2, 0.02% sodium azide.  Finally, stained cells were 

suspended with 500 µL of sheath fluid (Becton Dickinson, CA, USA) and analyzed by 

flow cytometer (Coulter, MA, USA). 

Expression of antigen specific to anti-HPGs monoclonal 

antibodies on peripheral blood cells 
Heparinized whole blood was collected from ten normal healthy subjects with 

different ABO blood group system (Human Ethic approval No. AMSEC-63EX-023). Buffy 

coat was separated after centrifugation at 250 xg for 10 minutes. Buffy coat was washed 

three times and adjusted to 1x107 cells/mL with cold 1%BSA in PBS pH 7.2, 0.02% 

sodium azide. To block non-specific FcR-mediated binding of antibody, cells was 

incubated for 30 minutes on ice with heat inactivated normal human AB serum in a final 

concentration of 10%. A reaction of 50 µL of treated cell suspension was individually 

added with the monoclonal anti-HSPGs antibody in a final concentration of 20 µg/mL 

and incubated on ice for 30 minutes. One percent BSA in phosphate buffered saline 

(PBS) pH 7.2, 0.02% sodium azide were used as conjugate control. After 3 washes with 

1%BSA in PBS pH 7.2, 0.02% sodium azide, cells were resuspended to 50 µL with 

1%BSA in phosphate buffered saline and added with 50 µL of FITC conjugated rabbit 

anti-mouse Igs, 1:25 (DAKO, Glostrup, Denmark). The reactions were extended 

incubation on ice for 30 minutes and washed out with 4 changes of 1%BSA in PBS pH 

7.2, 0.02% sodium azide.  Finally, stained cells were suspended with 500 µL of sheath 

fluid (Becton Dickinson, CA, USA) and analyzed by flow cytometer (Coulter, MA, USA). 

RESULTS  

 
Expression of antigens specific to four monoclonal anti-HSPGs 
antibodies on various solid tumor cell lines. 
 Each monoclonal anti-HSPGs antibody was identified for its isotype by commercial 

kit. The result indicated that 1E4-1C2 was IgG1, kappa while the other three clones 

were IgA, kappa (data not shown). Based on indirect immunofluorescent technique, 

monoclonal antibodies specific to HSPGs isolated from human liver including 1E4-1C2, 

1E2-2B8, 1E2-2C9, and 1E2-1D11 was individually studied for the expression of its 

specific antigen on various solid tumor cell lines including HT29, KB, MCF7, SW620, 

SW1353, and HepG2 and analyzed by flow cytometer. It was found that all clones 

demonstrated different patterns in the reaction amongst cell lines tested varied from 

negative to weakly and strong positive. Clone 1E4-1C2 showed various strongly positive 

to all cell lines tested after conjugate control subtraction but weakly positive with KB as 

shown in Figure 1.  

 

Expression of a panel of four monoclonal anti-HSPGs antibodies 

to its specific antigen on HT29 
  Clone 1E2-2B8 was strongly reacted to HT29 but weakly positive to SW1353. 

Another clone, 1E2-2C9 was also strongly bound to its specific antigen on HT29 but 

weakly reacted to only SW620. Clone 1E2-1D11 showed negative reaction to almost 

cell lines tested except HT29 (Table 1). Interestingly, while those solid tumor cell lines 

demonstrated a different individually reacted with each monoclonal antibody varying 

from negative and weakly to strongly positive, HT29 was shown to be strongly reacted 

with all four clones tested (Figure 2). 
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Figure 1. Expression of antigens specific to four monoclonal anti-HSPGs 

antibodies on various solid tumor cell lines. Fifty µL of human AB serum treated 

cells (1 x 107 cells/mL) was individually reacted with monoclonal anti-HSPGs clone 1E4-

1C2, 1E2-2B8, 1E2-2C9, and 1E2-1D11 at a final concentration of 20 µg/mL. After 30 

minutes incubation on ice following with three washes with 1%BSA in PBS pH 7.2, 

0.02% sodium azide, cells were resuspended to 50 µL of the same buffer. Fifty µL of 

FITC conjugated rabbit anti-mouse Igs (1:25) was applied. The reaction was incubated 

for another 30 minutes before 4 washes. Finally, stained cells were suspended with 500 

µL of sheath fluid and analyzed by flow cytometer. 

Table 1. Patterns in the reaction of four anti-HSPG monoclonal antibodies to various 

solid tumor cell lines. 

Clones HepG2 HT29 SW620 SW1353 MCF7 KB 

1E4-1C2 + + + + + weak 

1E2-2B8 neg + neg weak neg neg 

1E2-2C9 neg + weak neg neg neg 

1E2-1D11 neg + neg neg neg neg 
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Figure 2. A panel of four monoclonal anti-HSPGs antibodies were strongly 

reacted to its specific antigen on HT29. Fifty µL of human AB serum treated HT29 

(1 x 107 cells/mL) was individually reacted with monoclonal anti-HSPGs clone 1E4-1C2, 

1E2-2B8, 1E2-2C9, and 1E2-1D11 at a final concentration of 20 µg/mL. After 30 

minutes incubation on ice following with three washes with 1%BSA in PBS pH 7.2, 

0.02% sodium azide, cells were resuspended to 50 µL of the same buffer. Fifty µL of 

FITC conjugated rabbit anti-mouse Igs (1:25) was applied. The reaction was incubated 

for another 30 minutes before 4 washes. Finally, stained cells were suspended with 500 

µL of sheath fluid and analyzed by flow cytometer. 

No expression of antigens specific to four monoclonal anti-HSPGs 
antibodies on normal white blood cells. 
 To verify their specificity only on tumor cells, all four monoclonal antibodies were 

also tested on normal white blood cells. Heparinized whole blood from 10 normal healthy 

volunteers with various ABO blood groups were collected. Buffy coat was individually 

reacted by indirect immunofluorescent technique and analyzed by flow cytometer. The 

result reveled that all four monoclonal antibodies did not react to all population of 

normal white blood cells and with no different between ABO blood group system. Figure 

3 demonstrated a represent of one blood sample showing a negatively reacted with all 

four monoclonal anti-HSPGs antibodies. The results of all ten blood samples with various 

ABO blood groups were aligned overlapping and shown in Figure 4. It was revealed that 

all monoclonal anti-HSPGs antibodies were not reacted to normal white blood cells. They 

are specific to only some particular cancer cells. Taken together, the results 

demonstrated that HT29, colorectal cancer was significantly positive with all four anti-

HSPG monoclonal antibodies. These four anti-HSPGs monoclonal antibodies can be 

applied as a set or panel of biomarker for screening of colorectal cancer. 
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Figure 3. Four monoclonal anti-HSPGs antibodies did not react to normal white 

blood cells. Heparinized whole blood was collected. Washed buffy coat (1x107 

cells/mL) treated with heat inactivated normal AB serum to block non-specific FcR-

mediated binding of antibody site for 30 minutes on ice.  A reaction of 50 µL of treated 

cell suspension was individually added with the monoclonal anti-HSPGs antibody in a 

final concentration of 20 µg/mL and incubated on ice for another 30 minutes before 

three washes with 1%BSA in PBS pH 7.2, 0.02% sodium azide. Cells were resuspended 

to 50 µL with the same buffer and added with 50 µL of FITC conjugated rabbit anti-

mouse Igs (1:25). The reaction was incubated for another 30 minutes before 4 washes. 

Finally, stained cells were suspended with 500 µL of sheath fluid and analyzed by flow 

cytometer.  
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Figure 4. Negative reaction four monoclonal anti-HSPGs antibodies on all 

normal white blood cells of different ABO blood groups. Ten samples of 

heparinized whole blood with different ABO blood groups were collected. Washed buffy 

coat (1x107 cells/mL) treated with heat inactivated normal AB serum to block non-

specific FcR-mediated binding of antibody for 30 minutes on ice.  A reaction of 50 µL of 

treated cell suspension was individually added with the monoclonal anti-HSPGs antibody 

in a final concentration of 20 µg/mL and incubated on ice for another 30 minutes before 

three washes with 1%BSA in PBS pH 7.2, 0.02% sodium azide. Cells were resuspended 

to 50 µL with the same buffer and added with 50 µL of FITC conjugated rabbit anti-

mouse Igs (1:25). The reaction was incubated for another 30 minutes before 4 washes. 

Finally, stained cells were suspended with 500 µL of sheath fluid and analyzed by flow 

cytometer. The data from ten results were aligned overlapping.   

        

DISCUSSION 

CRC is the third most common cancer and third cause of cancer death 

(https://www.cancer.gov/about-cancer/statistics). The effective early screening can 

reduce the death. In addition, research in detection with non-invasive technique is in 

focus since early CRC is asymptomatic. Therefore, development of simple non-invasive 

sensitive technique for CRC would be beneficiary for patients. Non-invasive method is 

acceptable for patients and simple in procedures. Biomarkers play an important clinical 

role in early diagnosis, treatment, and prognosis (McKeown et al., 2014) and a 

combination of biomarkers is proved to increase sensitivity in detection of CRC (Grady 

and Pritchard, 2014; Luo and Xu, 2014; Lech et al., 2016). HSPGs are remarked to 

relate to many cancer types in all aspects including pathogenesis and prognosis. In 

addition, some monoclonal antibody specific to membrane HSPGs has been applied in 

target immunotherapy such as anti-glypican 3 (Ishiguro et al., 2008; Nakano et al., 

2009; Zhu et al., 2013; Ikeda et al., 2014). Interestingly, particular cells can express 

one or more type of HSPG and even in different part of cell (Tanaka et al., 2018). The 

present study also supports that particular cell type may express one or more types of 

HSPGs as demonstrated in HT29, colorectal cancer cell lines. Antigens specific to those 

4 clones investigated are not characterized yet, However, the patterns of expression on 

other cancer cells were also demonstrated the difference (Figure 1).  

Moreover, membrane HSPGs can be dissociated from tumor cells in a particular 

circumstance by specific proteolytic cleavage and can be detected in blood circulation 

(Traister et al., 2008; Nam and Park, 2012; Piperigkou et al., 2016). The aim of this 

study was therefore, to study and identify the possibility of using a panel of anti-HSPGs 
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monoclonal antibodies in increasing the specificity of screening for particular cancer cell. 

In the present study, a set of four monoclonal antibodies raised against HSPGs isolated 

from human liver (Vongchan et al., 2005) were in vitro studied for the specific reaction 

on various solid tumor cell lines by indirect immunofluorescent technique in order to 

evaluate their specificity to screen particular solid cancer cell lines. Four clones of anti-

HSPGs were individually reacted to various solid tumor cancer cell lines and the result 

was then analyzed to match a couple or more for more specific detection of particular 

cancer cell type. The results revealed that each antibody demonstrated a specific pattern 

in reaction to each cancer cell lines tested. The reaction was varied from negative to 

weakly and strong positive. Monoclonal antibody clone 1E4-1C2 showed varied special 

characteristics in reacting to all cancer cell lines tested including HT29, KB, MCF7, 

SW620, SW1353, and HepG2. From the result, it was revealed that, clone 1E4-1C2 

alone could be used as a biomarker for all cancer cell lines tested. However, 

consideration according to particular cell line, the result demonstrated that SW620 could 

be more specifically detected when testing with a couple of monoclonal antibodies of 

1E4-1C2 and 1E2-2C9. In addition, more specific in detection of SW1353 should be 

obtained when a couple of two anti-HSPGs monoclonal antibodies including 1E4-1C2 

and 1E2-2B8 were used as summarized in Table 1. It was noticed that two colon cancer 

cell lines used in the present study demonstrated different patterns of expression when 

reacted with those four monoclonal antibodies. It can be elucidated according to the 

source of original cell (Ahmed et al., 2013). Moreover, SW620 is a lymph node 

metastatic form that may express different number and types of HSPGs compared to 

HT29, a primary tumor. The most interestingly, only HT29 was strongly specifically 

reacted with all four anti-HSPGs monoclonal antibodies. To verify that a panel of four 

monoclonal antibodies could be used to specify only the cancer cells, normal white blood 

cells were also tested as a model. The results showed that all antibodies were not bound 

onto normal white blood cells. The antigens specific to those monoclonal antibodies have 

not yet been characterized, however, as a difference in reaction to various cell lines 

tested, its specific antigen might be different to each other. In addition, Further study 

in these antigens would be help increase understanding of its role(s) in particular cancer 

cell.  

Membrane HSPGs can be enzymatic cleavage and shed into matrix and serum i.e., 

glypican-3 and syndecan-1 which are applied for the detection and monitoring of 

particular cancer cell.  To detect these antigens in matrix and/or serum is a platform  

of choice helps in diagnosis of cancer instead of other invasive technique. The author 

proposed that those membrane antigens specific to the four monoclonal antibodies 

specific to colorectal cancer cell line mentioned in this study may be also secreted. 

Therefore, demonstration of those antigens shedding in cell culture supernatant of HT29 

cultivation is essential to support our hypothesis. Combination of those four antigens 

can be investigated and applied as a panel of CRC specific markers based on double 

sandwich ELISA platform. The panel of specific antigens may help increase the 

sensitivity of detection compared to one marker. However, furthermore studies based 

on ELISA platform is suggested to verify the sensitivity and specificity in early detection 

of CRC compared to serum samples from normal healthy individuals and other liver non-

cancer pathologies. 

Taken together, the present study is the first report demonstrating the utilization 

of a panel of four anti-HSPGs monoclonal antibodies to be a candidate set of antibodies 

in specific early detection of human colorectal cancer (CRC). 
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