
TTU REVIEW
r e v i e w. t t u . e d u . v n



 

 

 

 

 

 

 

 

A NOVEL ANTI-TUMOR PROTEIN FROM CALLOSELASMA RHODOSTOMA VENOM IN 

VIETNAM                                        

Kiem X. Trinh (1), Thuc V. Pham (2), Long X. Trinh (1), My T. Chu (1), Thuc M. Vu (1), Khanh B. Nguyen(1)   

Francis Markland. Jr (3), Stephen Swenson(3), Radu Minea(3), et al. 

 

 

 

 

 

 

 

 

 

 

 



2 
 

Abstract 

Introduction: Vietnam is a tropical and agricultural country. Annually, there are 30,000 cases of snake 

bite. Two venomous snake families cause the big medical problem. In this, Calloselasma rhodostoma 

(CR) is the most dangerous snake. Therefore, since 2001, the scientific research collaborations between 

Vietnam (VN) and Uiversity of Southern California (USC) were  established. Since 2014 this project 

has been approved by VN government. The aims of the 1st  project are to establish the technological 

process for purification of disintegrin from CR venom of VN (CRd.VN), to determin the molecular 

weigh, structure and its biological antitumor activities. Methods: The process of collection, 

lyophilization of CR venom from VN. Protein concentration of CR venom was determined by  BCA 

assay. High Performance Liquid Chromatography (HPLC), SDS-PAGE, Mass spectrometry (MS) 

analysis and sequencing by tryptic digestion were used for purification of CRd.VN and its molecular 

weight (MW) and structure. Standard cell biology methods were employed to characterize CRd’s 

abilities (in vitro) to inhibit platelet aggregation, adhesion, migration and invasion of tumor cells. Its 

anti-cancer activity in a breast cancer (BC) murine model (in vivo ) was tested.The resuls: Peak No:7 of 

HPLC (CRd.VN), showed a single ≈10 kDa band on SDS-PAGE gel. CRd.VN’s MW, structure and the 

sequence are 7.33 kDa, a monomer containing 68 amino acids with an RGD motif (position 49-51) and 

6 disulfide bonds. The anti-cancer activities of CRd.VN are very strong.                                                                                                        

Conclusion: We have shown that CRd.VN  is a possible anti-tumor agent with clinical potential.                                                                                                                              

However, further research is required on CRd.VN recombinant production, preliminary 

pharmacokinetics/ toxicology properties and anti-tumor activities. 
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1. Introduction 

Cancer is a chronic degenerative disease considered to be the second most common cause of 

death in economically developing countries (“Global cancer statistics,” CA: Cancer Journal for 

Clinicians, 2011). 

According to a recent report by the International Agency for Research on Cancer (IARC), there 

are currently more than 10 million cases of cancer per year worldwide. In 2008 alone there were 12.7 

million new cases of cancer worldwide and the WHO estimates that the disease will cause about 13.1 

million deaths by 2030 (F.Bray et al., 2013).     

Vietnam, there were 68.810 new cases of cancer in 2000, increasing to 126.307 in 2010 and 

estimates that will be 189.000 in 2020 (Statistics of Vietnam Ministry of Health, 2015).                                                                                                                                   

However,  cancer therapy continues involving invasive procedures, including the application of 

chemotherapy, surgery to remove the tumor(s), the use of radiation, and even nonselective cytotoxic 

drugs (L.Brannon Peppas et al., 2012).Therefore, the search for new active drugs for cancer therapy is 

one of the goals of biotechnological research.  

In the early 20th century, the idea of utilizing purified toxins as a source of therapeutics 

emerged. Anticancer drug developments from natural biological resources are ventured throughout the 

world. Snake venom toxins were also investigated as blockers of metastasis. Metastasis is one of the 

major causes of death in patients with cancer, being dependent on steps such as adhesion, migration, 

invasion of blood or lymph vessels, and finally interaction with the tissue target (Yang et al., 2005). 

The ability of snake venoms to act upon tumor cells has been known for a long time. The first 

reported studies on using snake venom against tumor cells were related to the defibrination process. It 

was suggested  a polypeptide from Agkistrodon rhodostoma could produce defibrination, decreasing the 

tumor weight and decreased spread of some tumors (W.D.DeWys et al.,1976).                                                                                                                             

One of the targets investigated is integrins. They play multiple important roles in cancer 

pathology including tumor cell proliferation, angiogenesis, invasion, and metastasis. At least six integrin 

inhibitors are being evaluable in clinical trials for cancer (Leonardo et al., 2014). 
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Integrins are heterodimeric receptors that evolved to mediate the complex cell-ECM interactions 

that regulate the ability of cells to mechanically sense their microen- vironment. Conversely, as epithelia 

transition to malignancy they evade the microenvironmental constraints by both altering their integrin 

affinity and avidity for ECM proteins (inside-out signaling) and/or shifting their integrin expression 

(Hood and Cheresh, 2002; Mizejewski, 1999). The precise roles, however, played by different integrin 

subunits in various aspects of tumor progression and why some integrins appear to be especially 

supportive of tumor progression (Desgrosellier et al., 2009) are still poorly understood. Despite these 

limitations, due to their pivotal roles in cancer biology, integrins represent attractive therapeutic targets. 

The inhibition of angiogenesis is one of the most heavily explored treatment options for cancer, 

and snake venom disintegrins represent a library of molecules with different structures, potencies, and 

specificities and are good starting points for developing antiangiogenesis therapeutics. Disintegrins first 

discovered in 1983 (Ouyang and Huang,1983) and named in 1990 (Gould et al., 1990). They are family 

of disulfide –rich, stable peptides, originally isolated from snake venom, also found in mammalian 

proteins (ADAMs). Disintegrins bind exclusively to activated integrins on cells, derived from multi-

domain proteins by proteolytic processing,  contain RGD (or alternate tripeptide) motif at tip of a 

flexible 11-amino acid loop that is involved in integrin interaction. Range in size from small to medium 

to large and homo- and hetero-dimeric. Disintegrins hold a significant translational potential as 

anticancer agents based on their anti-angiogenic and antimetastatic effects demonstrated in various 

experimental settings (Huang et al., 2001; McLane et al., 2008; Swenson et al., 2004). 

Along with metalloproteases, disintegrins are important compounds in most Viperid and 

Crotalid venoms. Disintegrins represent a family of nontoxic and nonenzymatic low molecular weight 

(5–10 kDa) RGD-containing peptides naturally presented in snake venoms or synthetics. Originally, 

these compounds are characterized by their ability to interact with integrins αIIbβ3, α5β1, andαvβ3lls 

expressed by a number of cells including those involved in tumor development and proliferation (R.J. 

Gould, S.Niewiarowski et all., 1994). 

Based on binding experiments, αβ integrins and their subtypes have been identified as major 

functional adhesion receptors on tumor cells. Indeed, disintegrins from several snake venoms have 
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revealed new possibilities of uses not only in cardiovascular diseases but also as potent inhibitors of 

tumor cells. Thus, a number of toxins containing RGD-peptides or RGD-containing disintegrins isolated 

from snake venoms have also been used to elucidate target receptors in a wide variety of primary 

cultured tumor cells. 

For almost three decades since 1983, over 100 additional disintegrins have been studied and 

named (McLane et al., 2008). Despite their enormous therapeutic potential, none of these natural 

products or their recombinant variants has made it yet into human clinical trials. However, many of 

these natural polypeptides continue to be intensely investigated preclinically in various animal models 

of human diseases, most subsequent preclinical efforts have focused on the anti-angiogenic and anti-

metastatic properties of these disintegrins for anti cancer applications (Marcinkiewicz et al., 2003). 

The integrin binding activity of disintegrins depends on the appropriate pairing of several cystein 

residues responsible for the disintegrin fold, a mobile 11 amino acid loop  

from the polypeptide core displaying a tri-peptide, usually RGD (Arg-Gly-Asp) motif (Saudek et 

al.,1991). Two of the most studied native disintegrins are the homodimer contortrostatin (CN) (Trikha et 

al.,1994b) and the monomer echistatin (MacLane et al., 2008). Studies of Markland have shown 

disintegrin contortrostatin (CN) from southern copperhead snake venom to be an effective agent in 

limiting tumor growth, spread and blocks breast cancer cell adhesion and migration (Zhou et al., 2000b, 

Zhou et al., 2000d).  

In Vietnam (VN), Calloselasma rhodostoma (CR) is the most dangerous snake of Viperidae. The 

potential toxicity of CR venom may be stronger than southern copperhead venom. Therefore, since 

2001, the scientific research collaboration between VN and Uiversity of Southern California (USC) was  

established.Since 2014 this project has been approved by VN government.  

The aims of the 1st  project:  To establish the technological process for purification of 

disintegrin from CR venom and to determine the molecular weigh, structure and its biological antitumor 

activities. 
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2. Materials and methods 

2.1. CR Venom was collected, lyophilized and supplied from Vietnam. 

2.2. Cells and reagents. 

The MDA-MB-435 cells were obtained from MD Anderson Cancer Center, Houston, TX and the 

MDA-MB-231cells from Osaka University, Osaka, Japan. HUVEC were purchased from Promocell 

(Heidelberg, Germany) and maintained according to the manufacturer’s protocol. The ’Endothelial Cell 

Tube Formation’ plates were purchased from BD Biosciences (San Jose,CA). The tube formation 

inhibitor Suramin, the actin modifier Cytochalastin D were purchased from Calbiochem (San Diego, 

CA). The complete Matrigel was from BD Biosciences (Bedford, MA). A column-based FITC-labeling 

kit was purchased from Pierce (Rockford,IL). All other reagents were purchased from Sigma Chemical 

Co (St.Louis, MO). 

2.3. Protein concentration determination of CR venom. 

 Pierce™ BCA Protein Assay Kit, Thermo Scientific, USA (Smith, P.K., Krohn, R.I., Hermanson, G.T., 

Mallia, A.K., Gartner, F.H., Provenzano, M.D., Fujimoto, E.K. Olson,B.J., Klenk,D.C. Measurement of 

protein using bicinchoninic acid. Anal. Biochem.1985.  

2.4. Purification of disintegrin from CR venom of Vietnam. 

Following the procedure used for purification of the disintegrin (CN) from Agkistrodon 

contortrix contortrix venom we utilized a multi-step HPLC purification strategy.  First the CR venom 

was fractionated using a hydrophobic interaction chromatography (HIC) method. The CR venom is 

placed into a sodium phosphate buffer applied to the column and eluted with a gradient of ammonium 

sulfate collecting fractions with absorbance at 280 nm indicating the presence of protein. In the second 

step, the positive fractions were applied to a C18-reverse phase HPLC column and run using the standard 

elution conditions previously employed for the purification of native CN. 

The collected HIC fractions were loaded onto a Vydac C18 reverse-phase (RP) column (218TP54, 

Temecula, CA). A ten-minute rinse of the column (at 5 ml/min) with an aqueous solution containing 

0.1%TFA was followed by a linear gradient (0-100%) elution over 150 min in a mobile phase 
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containing 80% acetonitrile and 0.1%TFA. The disintegrin (CRd) starts eluting in 30% acetonitrile and 

is collected for lyophlyzation and further characterization 

2.5. Inhibition of platelet aggreegation. 

The inhibition of ADP-induced platelet aggregation by CRd was determined by measuring the 

light absorption of human platelet-rich plasma (PRP) in a specialized spectrophotometer (Chrono-log 

490 optical aggregometer, Chrono-log, Havertown, PA) as previously described. Briefly, the 

aggregometer is blanked with platelet poor plasma (PPP) and platelet rich plasma (PRP) is used for 

aggregation studies. The putative CRd samples are added to PRP and mixed for 30 seconds at this point 

ADP is added to a final concentration of 20nM to the CRd-PRP mixture and the level of aggregation 

inhibition is evaluated.  These studies are presently ongoing with fractions obtained from C18 RP-HPLC.  

2.6. Mass spectrometry (MS) analysis and sequencing by tryptic digestion. 

The MS analysis and the subsequent sequencing of purified CRd was performed by Dr. Ebrahim 

Zandi (Keck School of Medicine, University of Southern California) using purified CRd obtained form 

C18 RP-HPLC. For sequencing, the purified disintegrin was reduced, alkylated and digested with trypsin 

at 37oC overnight. The resultant digestion peptide was used in the tandem LC/MS/MS for sequence 

analysis. The LC (liquid chromatography) consists of a reverse phase C18 column through which peptide 

was  eluted into the mass spectrometer using the following gradients: 5-60% acetonitrile + 0.1% formic 

acid over 75 min and 50-90% acetonitrile + 0.1% formic acid over 10 min. Tandem MS/MS spectra was 

acquired with Xcalibur software on a linear ion trap LTQ instrument. Data was analyzed using 

Bioworks, the SEQUEST algorithm and Sage-N Sorcerer to determine cross-correlation scores between 

acquired spectra and NCBI protein FASTA databases or any other databases as needed. 

2.7. Cell surface binding of CRd as studies by flow cytometry. 

HUVEC (human umbilical vein endothelial cells), and MDA-MB-231 or MDA-MB-435 breast 

cancer cells were to be grown to early confluency and starved overnight in serum-free media. The cells 

were harvested and resuspended in 1ml of serum-free media (5x105cells/condition) before being 

incubated with different amounts of CRd or controls for 30 min at 37oC. At the end of the incubation 

period, the cells were pelleted, washed in ice-cold PBS containing 5% fetal bovine serum and either 
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analyzed in a FACSCalibur scanner (fluorescent activated cell sorter) or, depending on the assay, further 

incubated at 4oC for 30 min intervals with additional treatments. All cells were counterstained with 

propidium iodide to allow gating of necrotic cells. For each reading, 10,000 cells per sample were 

analyzed to determine level of CRd to the cells. 

2.8. Inhibition of cell migration (the colloidal gold migration assay). 

Inhibition of cell migration (the colloidal gold migration assay) by disintegrins. The ability of 

CRd.VN to disrupt cell migration was assessed on gold coverslips coated with complete Matrigel on 

which serum-starved HUVEC, MDA-MB-231 or MDA-MB-435 cells were seeded and allowed to 

adhere before being incubated  for up to 48 h with various concentrations of disintegrin (CRd.VN) (1–

1000 nM). The fungal metabolite Cytochalasin D, a potent inhibitor of actin polymerization, was used as 

a positive control at a concentration of 200 nM. (i) Representative images of ‘phagokinetic tracks’ 

generated on colloidal gold by migratory HUVEC exposed to different concentrations of disintegrin 

(CRd.VN) (magnification, 200; scale bar, 200 mm). (ii) The ‘phagokinetic tracks’ generated by 

migratory cells with different integrin profiles (HUVEC, MDA-MB-231 or MDA-MB-435) were 

quantitated digitally (‘SimplePCI’ imaging software) by counting the total number of pixels 

corresponding to every track in multiple photomicrographs for each condition. The above plotted data 

were averaged from multiple independent experiments for each cell line tested. 

2.9. Inhibition of cell invasion by CRd.VN. 

The ability of CRd to block the invasion of HUVEC, MDA-MB-231 or MDA-MB-435 cells 

through a reconstituted basement membrane was assessed using the fluorometric QCM™ 24-Well Cell 

Invasion kit (Millipore, Billerica, MA). The cells were serum-starved overnight, harvested, resuspended 

in serum-free media (1x106cell/ml) and incubated in the presence of various concentrations (0-1000 nM) 

of CRd or control peptide for 10 min at 37oC. The assay was done according to the manufacturer’s 

protocol and used HT1080 conditioned media as a chemoattractant. The invasion plates were incubated 

for up to 48hr (depending on the cell line) at 37oC in the presence of 5% CO2. At the end of the 

incubation period, the invaded cells were detached, lysed and quantitated using the DNA-binding 

fluorescent dye CyQUANT. The relative fluorescence was measured in a SPECTRAmax GeminiEM 
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fluorescent plate reader (Molecular Devices, Sunnyvale, CA) and the numbers averaged and plotted for 

each condition.  

2.10. Inhibition of HUVEC tube formation.  

‘Endothelial Tube Formation’ plates precoated with Matrigel (BD Biosciences, Bedford, MA) 

were used according to the manufacturer’s protocol. HUVEC were seeded in triplicate (3x104cells/well) 

in the presence of various concentrations (0-1000 nM) of CRd and incubated for 16hr at 37oC in the 

presence of 5%CO2. The tube formation inhibitor Suramin was used as a positive control. At the end of 

incubation period, cells were stained with Calcein AM and imaged by confocal microscopy (LSM 510 

Confocal/Titanium Sapphire Laser). The total length of tubes for each condition was quantitated in 

multiple fields using the Zeiss LSM Image Browser (Carl Zeiss MicroImaging GmbH, Munich, 

Germany) and averaged from at least three independent experiments.  

2.11. In vivo efficacy studies.  

MDA-MB-231 cells (2x106 per inoculum) were harvested and resuspended in complete Matrigel 

before being inoculated into the  mammary fat pads of nude mice as previously described (Swenson et. 

al., 204). The tumors were allowed to grow for 2 weeks or until they became palpable before treatment 

was initiated. CRd was administered as an aqueous solution (100µg CRd). All CRd administrations were 

made intravenously (via tail vein) twice a week for the duration of each study. Several doses were 

examined to determine an optimal dose, based on experience with vicrostatin we were used doses of 

approximately 1 mg per injection twice per week.  As a control Avastin was administered intravenously 

(via tail vein) at the dose of 400µg per injection (approx. 20µg/gr.) once a week for the duration of the 

MDA-MB-231 study. Tumor diameters were measured weekly with a caliper in a blind fashion and the 

tumor volumes calculated using the formula [length (mm) x width (mm)2]/2, where the width and the 

length were the shortest and longest diameters, respectively. The average tumor volume for each study 

group was plotted as a function of time and type of treatment during the entire course of each study.  A 

survival study was conducted with those treated mice who survive, and the results plotted according to 

Kaplan and Meier.  Mice weight was measured weekly as an indication of toxicity and mice was 

examined weekly for signs of internal bleeding or other indications of toxic side effects.  
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2.12. Statistical analysis. 

Statistical significance was analyzed in Prism v.3.2 (GraphPad Software, La Jolla, CA) by 

unpaired t-test followed by F-test to compare variances. The tumor volume 

distribution and immunohistochemistry data were assessed by analysis of variance (ANOVA) with a 

significant overall F-test followed by Dunnett’s multiple comparison 

tests of treatment groups relative to control. Two-tailed P < 0.05 were considered significant. 

3.Results 

3.1. CR Venom from VN was collected, lyophilized successfully. 

1,700 CR snakes from the wild fields in the south east of VN were collected and indentified. 

Their venom was milked, centrifuged at 3,000 RPM x 15 min. The venom was taken and then kept cool 

(-80oC) immediately for 24 hrs. In the next day, CR venom was lyophilized in Manifold LabConco 

machine for 48 hrs. Lyophilized CR venom was stored at (-20oC) and dark place until the time for using 

 

                                 

Fig.1:  CR of Viet Nam.                                                               Fig.2: CR venom milking.                                                        

3.2. The protein concentration of CR venom was determinated by BCA protein Assay. 

CR venom was determinated protein concentration by Bicinchoninic (BCA) Assay (Smith, P.K.1985) 

for 07 times with good quality. The result was 158 ± 03 mg/ml. 

 

 



11 
 

 

Fig.3:Result of protein concentration of CR venom. 

 

3.3. The result of disintegrin purification from CR venom and its molecular weight. 

Disintegrin from CR venom of VN (CRd.VN) was purified by reverse phase HPLC and SDS-

PAGE using a protocol originally designed for native disintegrins (See Materilas and Methods).                                                  

          

RP-HPLC analysis of HIC fractionated CR venom.  

Material was loaded and eluted with a 0-80% gradient  

of Acetonitrile over 150 minutes 

 

Fig.4:  CRd.VN was purified by HPLC                                
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Fig.5: CRd.VN was determined by SDS-PAGE 

3.4. The structure of CRd.VN was determined by Mass spectrometry (MS)analysis and sequencing by 

tryptic digestion, performed by Dr. Ebrahim (USC)  
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Fig. 6: CR.d.VN sequence (Dr. Ebrahim/USC) 

3.5. The result of CRd.VN inhibited platelet aggregation 

 

 

Fig. 7: CRd.VN inhibits  platelet aggregation. 

3.6. The result of cell surface binding of CRd.VN as studies by flow cytometry 

 

 

 

Fig.8:  The ability of cell surface binding of CRd.VN against different cell lines was tested by flow 

cytometry. The results show that FITC-label CRd.VN had a clearly binding profile against HUVEC, 

MDA-MB-435 and MDA-MB-231 cells. 
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3.7. Inhibition of cell migration 

CRd.VN significatly inhibited HUVEC, MDA-MB-231 and MDA-MB-435 cell  migration in dose-

dependent manner (Fig. 8, 9, 10). Cell migration on complete Matrigel is an integrin-dependent 

mechanism. CRd.VN blocked this process when using different cell lines with significantly different 

integrin profiles. As determined by Markland.F.S et al and others, the MDA-MB-435 cells express 

significantly more copies of αvβ3 integrin than HUVEC or MDA-MB-231 cells. 

3.7.1 CRd.VN inhibited endothelial cell HUVEC migration.    

 

Fig.9: Inhibition of endothelial cell migration by CRd.VN.                                                                           

•Boyden chamber assay used: fluorescent quantitation of migraed cells.                                                         

CRd.VN inhibited migration of HUVEC at low nM concentrations.                                       

•Cytochalasin D (CytoD) used as a positive control (anti-migrated agent)  

3.7.2 CRd.VN inhibited  MDA-MB-231cell migration. 
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Fig.10: • Inhibition of MDA-MB-231 cell migration by CRd.VN  

            Boyden chamber assay used: fluorescent quantitation of migrant cells.                                                    

            CRd.VN inhibited migration of MDA-MB-231 at low nM concentrations  

            •Cytochalasin D (Cyto D) used as a positive control (anti-migrant agent)  

3.7.3  CRd.VN  inhibited MDA-MB-435 cell migration 

 

Fig. 11: Inhibition of MDA-MB-435 cell migration by CRd.VN. 

•Boyden chamber assay used: fluorescent quantitation of migration cells.                                                           

CRd.VN inhibited migration of MDA-MB-435 cells at low nM concentrations  

•CytochalasinD (CytoD) used as a positive control (anti-migrant agent)  
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3.8. The result of CRd.VN inhibited cancer cell invasion. 

 

 

Fig.12: Inhibition of MDA-MB-435 cell invasion by CRd.VN. 

3.9. The result of CRd.VN inhibited HUVEC tube formation by CRd.VN. 
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Fig.13: Inhibition of HUVEC tube formation by CRd.VN. 

3.10  CRd.VN  is not cytotoxic: Does Not Affect Viability of Cells. 

 

Fig.14: CRd.VN  is not cytotoxic 

Cells were seeded in serum-free media in multiwell chamber slides on complete Matrigel and 

allowed to adhere for 1hr. Cells were incubated for up to 48hr with either CRd.VN. Untreated cells or 

cells exposed to the apoptosis inducer Staurosporine (STSP, 1µM) were used as controls. The cells were 

fixed, TUNEL-stained and counterstained with Hoechst 33342. Cell death was plotted after digitally 

counting apoptosis events from images taken from multiple experiments. 

 

3.11. Growth of MDA-MB-231 tumors in nude mice and the effect of VN.CRd treatment. 
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Fig.15: The effect of VN.CRd treatment(In vivo) 

3.12. Imaging of 231 cells in CRd.VN Therapeutic Efficacy Study 

 

 

Fig.16: The effect of VN.CRd treatment(In vivo) 

4. Discussion 

4.1. From clinical experience gave idea of new drug research for cancer therapy. 

According to WHO Guidelines for the Production Control and Regulation of Snake Antivenom 

Imunoglobulins 2010, snakes of medical importance in Vietnam were identified correctly. Two 

venomous snake families were characterized: Elapidae and Viperidae, including Calloselasma 
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rhodostoma (CR) which is the most venomous snake of Viperidae. It was shown in many clinical studies 

before: Patient’ s platelet quantity was decreased less than 50 G/l (normal: 300 G/l). All the coagulation 

factors were destroyed, fibrinogen was left a trace only (normal: 3g/l). Bleeding time was prolonged 

until many days (normal: 3 minutes). The patient died if not anti-venom available for treatment in time. 

After specific anti-venom therapy for 6 hrs, the patient recovered completely. The clinical experience 

was impressed and encouraged the  toxicologists to research CR venom for new candidate drugs, 

specially cancer treatment, while the traditional methods for cancer therapy continue involving invasive 

procedures. Therefore, the research for new active drugs for cancer therapy was one of the goals of 

biotechnological research. This was the most promising object of the pharmaceutical industry. 

In fact, as soon as ancient, a millennium after Moses, and 2,400 years ago, Hippocrates, Father 

of medicine held to a Greek religious belief which recognized the snake on a staff as a symbol of 

medicine. The snake is also connected with pharmacology. “The snake was twisted around a stick or 

beside a pharmapeutic cup, which also implies the use of medicines or even poison. Its poisonous 

properties could be paralled by similar properties of medicines”. 

4.2. CR venom of VN was collected, lyophilized successfully. 

The first, we had to find fresh and living CR snakes in the wild field to collect them for 

identification of family and species. The healthy snakes were milked to collect venom for centrifuge and 

lyophilization (WHO Guidelines for the Production Control and Regulation of Snake Antivenom 

Imunoglobulins 2010). The result, we got the best quality of CR venom with protein concentration was 

158 ± 03 mg/ml (Smith, P.K BCA Assay.1985). Especially we found out disintegrin (CRd) on gel by 

quality control assay SDS-PAGE (Fig.3,4,5). 

4.3. CRd.VN was purified, characterized the molecular weight, structure and  the biological anti-tumor 

activities successfully. 

One of the targets investigated is integrins. Because integrins play multiple important roles in 

cancer pathology including tumor cell proliferation, angiogenesis , invasion, and metastasis. 

Disintegrins purified from snake venom have an excellent activity to bind specifically on activated 

integrins. Their inhibition of angiogenesis is especially for cancer treatment, which stimulates the 
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development of most bio-drugs based on toxins. CRd.VN purified and characterized the biological 

activity is the most important event of toxicological field of Vietnam. 

The efficient disruption of integrin-mediated interactions between tumorigenic ECM and 

angiogenic EC in the tumor microenviroment seems to be critical from the therapeutic standpoint since, 

as recently reported (Baluk et al.,2015).  

 The critical involvement of integrins in both angiogenesis (Contois et al., 2009) and tumor 

invasion (Hood and Cheresh, 2002) provides the rationale for developing therapeutic antagonists aimed 

at disrupting these molecularly intertwined process (Folkman, 2007). Most efforts of the pass were 

focused on anti-intergrin agents targeting the RGD-binding alphav member, a subclass of integrins 

thought to play pivotal roles in the regulation of pathological angiogenesis, which prompted the 

development of a number of small RGD-mimetics (Nemeth et al.,2007) 

 In this study, we  showed that a disintergrin purified from CR venom of VN (CRd.VN) has the 

excellent biological activities on inhibition of cancer development  such as the ability of cell surface 

binding of CRd.VN against different cell lines, the anti-migration, anti-invasion, inhibited platelet 

aggregation properties. CRd.VN also targets integrins αvβ3, αvβ5 and  α5β1, while diplaying a higher 

affinity than CN for integrin α5β1. For instance, recent studies have demonstrated that the usage of 

various anti-VEGF/PDGF strategies is linked to an increased risk of early metastasis in animal cancer 

models (Ebos et al.,2009). Although the clinical relevance of these preclinical studies is not yet clear 

(Ellis, 2009), these data support the idea that not only is there an imperative need to design novel anti-

angiogenic drugs with better anti-invasive properties, also to test the impact of standard of  care anti-

angiogenics such as Avastin on metastasis. 

Conclusion 

We developed a novel disintegrin (CRd.VN) and showed the excellent biological activities on 

anti-tumor efficacy (in vitro) and (in vivo). It is a possible anti-tumor agent with clinical potential. 
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ABSTRACT: Elevated plasma levels of inorganic phosphate (Pi) are harmful, causing, among other complications, vas-
cularcalcificationanddefective insulinsecretion.Theunderlyingmolecularmechanismsof thesecomplicationsremain
poorlyunderstood.WedemonstratedtheroleofPi transportacross theplasmalemmaonPi toxicity inINS-1Eratclonalb
cells and rat pancreatic islet cells. Type III sodium–phosphate cotransporters (NaPi) are thepredominantPi transporters
expressed in insulin-secreting cells. Transcript and protein levels of PiT-1 and -2, isotypes of type III NaPi, were up-
regulated by high Pi incubation. In patch-clamp experiments, extracellular Pi elicited a Na+-dependent, inwardly
rectifying current, which was markedly reduced under acidic extracellular conditions. Cellular uptake of Pi elicited
cytosolic alkalinization; intriguingly, this pH change facilitated Pi transport into the mitochondrial matrix. Increased
mitochondrial Pi uptake accelerated superoxide generation, mitochondrial permeability transition, and endoplasmic
reticulum stress-mediated translational attenuation, leading to reduced insulin content and impaired glucose-
stimulated insulin secretion. Silencing of PiT-1/-2 prevented Pi-induced superoxide generation andmPT, and restored
insulin secretion. We propose that Pi transport across the plasma membrane and consequent cytosolic alkalinization
could be a therapeutic target for protection from Pi toxicity in insulin-secreting cells, as well as in other cell types.—
Nguyen, T. T., Quan, X., Xu, S., Das, R., Cha, S.-K., Kong, I. D., Shong, M., Wollheim, C. B., Park, K.-S. Intracellular
alkalinization by phosphate uptake via type III sodium–phosphate cotransporter participates in high phosphate-
induced mitochondrial oxidative stress and defective insulin secretion. FASEB J. 30, 000–000 (2016). www.fasebj.org

KEY WORDS: inorganic phosphate • pancreatic b cells • mitochondrial permeability transition • endoplasmic
reticulum stress • superoxide

Inorganic phosphate (Pi) is an essential constituent in
our body (1) and plays important biologic functions,
including signal transduction and energy metabolism

(2–6). Pi is an indispensable cosubstrate for ATP synthe-
sis in oxidative phosphorylation, which regulates in-
sulin secretion in pancreatic b cells. The plasma Pi
concentration is tightly regulated in the range of 2.5 to
4.5 mg/dl (0.8–1.5 mM) by the gastrointestinal tract, the
parathyroid gland, bone, and kidney (7, 8). The Pi de-
mandof body is recommendedas between about 580 and
700 mg daily, which is mainly provided by the diet (9).
However, a Western diet supplies about 1500 mg Pi
daily—almost twice the daily requirement (9). Accumu-
lating evidence reveals that increasing Pi induces apo-
ptosis in endothelial cells (10), injury of podocytes (11),
and transdifferentiation of vascular smooth muscle cells
into bonelike cells. The latter may explain the underlying
mechanism leading to Mönckeberg sclerosis in chronic
kidneydisease patients (8, 12). Prospective cohort studies
showed that even in individuals with nonchronic kidney
disease, plasma Pi concentrations in the high normal
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range (.3.5mg/dl) correlateswith cardiovascular events
or mortality (8). Furthermore, individuals with elevated
Pi levels have an increased risk of impaired insulin se-
cretion and the development of type 2 diabetes (13, 14).

Our previous work in insulin-secreting cells has demon-
strated thathighextracellularPi increasesmitochondrialROS
generation and permeability transition pore opening, which
lowers insulin content and attenuates glucose-stimulated
insulin secretion (15). These results offer an explanation for
earlierobservations inKlothomutantmice,withsignificantly
higher plasma Pi levels and reduced insulin synthesis com-
pared to wild-type animals (16). Mitochondrial uptake of Pi
generates reactive oxygen species (ROS) as a consequence of
an increased electrical gradient across the mitochondrial in-
ner membrane. Mitochondrial oxidative stress induced by
high Pi perturbs endoplasmic reticulum (ER) calcium ho-
meostasisandactivates theunfoldedproteinresponse(UPR).
Subsequent phosphorylation of the double-stranded RNA-
dependent protein kinase–like ER kinase (PERK) and the a
subunit of eukaryotic initiation factor (eIF2a) by high Pi at-
tenuate the translation of insulin (15). Inhibition of mito-
chondrial Pi uptake and scavenging of mitochondrial ROS
effectively abrogated the detrimental effects of high Pi—for
example, restoring the reduced insulin content in pancreatic
b cells (15).

Cellular Pi uptake ismediated by type II and III sodium-
dependent phosphate cotransporters (NaPi) (17, 18). Type
IIa and IIc NaPi are mainly expressed in renal tubules to
reabsorb Pi from urinary excretion, while type IIb is an
important subtype for gastrointestinal Pi absorption (19).
Compared to type II NaPi, type III NaPi (PiT-1 and -2) is
found more ubiquitously and was suggested to play a
housekeeping role in Pi homeostasis (20). Intriguingly, PiT-
1-dependent transport is also mediating detrimental effect
of hyperphosphatemia such as injury of kidney podocyte
and vascular calcification (11, 12, 21). We performed a
study that demonstrated that plasmalemmal Pi transport
via PiT-1/-2 elicits cytosolic alkalinization, which further
promotes Piuptake intomitochondria andaccelerates ROS
generation, leading to impaired insulin synthesis and se-
cretion. Attenuation of Pi transport either by acidic extra-
cellular pH (pHe) or silencing of the PiT-1/-2 transporters
could protect b cells from high Pi-induced toxicity.

MATERIALS AND METHODS

Cell culture and isolation of pancreatic islets

Rat insulinoma INS-1E cells were cultured in a humidified at-
mosphere (37°C) containing 5% CO2 in complete Roswell Park
Memorial Institute (RPMI) 1640 medium (Thermo Fisher Scien-
tific, Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS), 100 U/ml penicillin, 100 mg/ml streptomycin
(Hyclone; Thermo Fisher Scientific), 1 mM sodium pyruvate,
50 mM 2-mercaptoethanol, 2 mM glutamine, and 10 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES; Sigma-
Aldrich, St. Louis, MO, USA). HEK293 cells were cultured in
complete DMEM (Hyclone).

Pancreatic isletswere isolated from200 to 300gmale Sprague
Dawley rats (Orient Bio, Seongnam, Korea) with a modified
protocol as described previously (22) by collagenase P (Sigma-
Aldrich)digestion. Thepancreaswas then excised,digested, and

dispersed at 37°C by a brief incubation with 0.25% trypsin-
EDTA. Islet cells were seeded at a high density on 24-well plates
coatedwith 804Gmatrix (23) (33105 cells perwell) andcultured
in RPMI 1640 medium supplemented with 10% FBS, 100 U/ml
penicillin, and 100 mg/ml streptomycin (24). Animal experi-
ments were approved by the Institutional Animal Care and Use
Committee of Yonsei University–Wonju Campus.

RT-PCR

TotalRNAswerepurified fromtrypsinizedpellets of INS-1Ecells
and isolated pancreatic tissues. The first strand of cDNA was
synthesized from 1mg of total RNA using 50 UMoloneymurine
leukemia virus reverse transcriptase (Roche, Basel, Switzerland)
by incubating for 1 h at 42°C. PCR conditions were as follows:
95°C for 5min and34 cycles of 94°C for 30 s, annealing at 58°C for
30 s, and 72°C for 45 s. Sequence-specific primers were used for
NaPi-IIa (forward: 59-tgtcagcatggtctcctctg-39, reverse: 59-atgtt-
gaaggaggcaaccac-39), NaPi-IIb (forward: 59-cccatcattctgctgatcct-39,
reverse: 59-ttttcctcctcctccaggtt-39), NaPi-IIc (forward: 59-agactgct-
ctgccatcacct-39, reverse: 59-gttaagcctgctccaacgag-39), PiT-1 (forward:
59-caaaagggagacgaaatgga-39, reverse: 59-agaagccatatgggtgttgc-39),
and PiT-2 (forward: 59-ggatgggtatctgtggatgg-39, reverse: 59-atat-
gaaccaggaggcaacg-39). Products were separated on 1.5% agarose
gels and visualized by UV light.

Real-time PCRwas performed tomeasure themRNA levels of
PiT-1/-2 using sequence-specific primers (forward: 59-ccgtcag-
caaccagatcaactc-39 and reverse: 59-cccatgcagtctcccaccttg-39 for
PiT-1, forward: 59-ctattccaagaagaggctccg-39 and reverse: 59-tcag-
gatcggtcagctcag-39 for PiT-2).b-Actinwas used as the reference
control. For the analysis of each gene expression, experiments
were conducted in triplicate in a real-time PCR system
(7900HT; Thermo Fisher Scientific) using SYBR Green PCR
master mix (Qiagen, Germantown, MD, USA). The PCR re-
action was performed with 10 ml total reaction volume con-
taining 5 ml of 23 SYBR Green PCR master mix, 1 ml of 10 mM
forward primer, 1 ml of 10 mM reverse primer, 1 ml of template
cDNA (50 ng/ml), and 2 ml of DNase-RNase-free H2O. In
each PCR experiment, 40 cycles were considered, including
denaturation at 95°C for 15 s, annealing at 58°C for 30 s,
and extension at 72°C for 30 s. Data were analyzed following
the 22DDCt method.

Western blot analysis

For total protein extraction, cells were lysed with cold radio-
immunoprecipitation assay buffer (Thermo Fisher Scientific) con-
tainingprotease inhibitor cocktail (RocheDiagnostics,Mannheim,
Germany). The supernatant from lysates were loaded for SDS-
PAGE and then transferred to PVDFmembrane (EMDMillipore,
Billerica, MA, USA). The membrane was blocked by 5% bovine
serum albumin or 6% skim milk for 1 h at room temperature,
followed by incubation with primary antibody at 4°C overnight.
To detect the activation of ER stress markers, membranes were
incubated with primary antibodies for phosphorylated and total
PERK(1:1000, sc-32577, sc-13073; SantaCruzBiotechnology,Santa
Cruz,CA,USA) or eIF2a (1:1000, sc-101670, sc-133132; SantaCruz
Biotechnology). To estimate the protein levels of type III NaPi,
primary antibodies for PiT-1 (1:1000, 12423-I-AP; Proteintech
Group, Chicago, IL, USA) and PiT-2 (1:1000, sc-68420; Santa Cruz
Biotechnology) were used. b-Actin (1:5000, ab6276; Abcam,
Cambridge,MA,USA)wasusedasa loadingcontrol.Horseradish
peroxidase–conjugated secondary antibody against either mouse
or rabbit IgG (31450, 31460, Thermo Fisher Scientific) was in-
cubated for 1 h at room temperature. The bands were visualized
with the UVP Biospectrum-600 imaging system using enhanced
chemiluminescence solution (Luminata Forte; EMDMillipore).
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Electrophysiology experiments

HEK293 cells were cotransfected with PiT-1 and green fluorescent
protein (GFP) plasmids together or only GFP plasmid as a control.
PiT-1 plasmid was the kind gift of K. Hata (Osaka University,
Japan). After 48 h, cells were split on poly-lysine-coated 12 mm
coverslips for 4 to6hbefore recording. INS-1Ecellswere seededon
804G matrix-coated 12 mm coverslips for 36 h before recording.
Patch electrodes were fabricated from boroslicate glass capillary
(Corning8250;GarnerGlass,Claremont,CA,USA). The electrodes
were firepolishedonamicroforgeandhadaresistanceof1 to3MV
when filled with the pipette solution. The cell membrane capaci-
tance and series resistance were compensated over 80% electroni-
cally using an EPC-10 amplifier and Pulse/Pulsefit software
(HEKA Electronik, Lambrecht, Germany). Pi-induced current was
recorded when membrane potential was held at 2100 mV. Bath
solution included (in mM): 140 NaCl, 5 KCl, 10 HEPES, adjusted
withNaOHtopH7.4, osmolarity 300 to 310, adjustedbymannitol.
Pipette solution included (inmM): 140KCl, 10HEPES, 1MgCl2, 10
EGTA, adjusted pH to 7.2 by KOH, osmolarity 298.

Intracellular Na+ measurement

To trace intracellular Na+ changes by high Pi, the SBFI fluores-
cence dye (Molecular Probes, Eugene, OR, USA) was used. INS-
1E cells seeded on 804Gmatrix-coated 12mm coverslips (33 104

cells)were loadedwith sodium-bindingbenzofuran isophthalate,
acetoxymethyl ester (SBFI-AM), 5 mM and sulfinpyrazone
250mMinnormalKrebs–Ringerbicarbonate (KRB) for1hat room
temperature.Afterwashout2 times, cellswereperfusedwithhigh
Pi (5mM)-containingKRB solution (inmM: 140NaCl, 3.6KCl, 0.5
NaH2PO4, 0.5 MgSO4, 1.5 CaCl2, 10 HEPES, 2 NaHCO3, 5.5 glu-
cose). Na+ calibration was performed as previously described
(25). Briefly, Na+ calibration solutions were made from amixture
ofhighNa+andhighK+solution.The former include (inmM):140
NaCl, 1.2 CaCl2, 0.6 MgCl2, and 10 HEPES. The latter was made
by complete replacement of Na+ by K+. Fluorescence imaging of
SBFI was performed by using an inverted microscope (IX-81;
Olympus, Tokyo, Japan) equippedwith a cooled charge-coupled
device (CCD) camera (Cascade 512B; Photometrics, Tucson, AZ,
USA). Cells were alternately excited at 340 nm and 380 nm by a
light source (DG-4; Sutter, Novato, CA, USA), and images ac-
quired at 510 nm were analyzed by Metafluor 6.3 software
(Universal Imaging; Molecular Devices, Sunnyvale, CA, USA).

Cytosolic pH measurement

INS-1E cells were seeded on 804G matrix-coated 18 mm cover-
slips (33 104 cells) 36 h before the experiment. Cellswere loaded
with 29,79-bis-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein,
acetoxymethyl ester (BCECF-AM), 2.5 mM (Molecular Probes)
and sulfinpyrazone 250 mM in 40 min at room temperature.
After washout, cells were perfused with high Pi (5 mM) and
sulfinpyrazone (100 mM) containing KRB solution. Fluores-
cence imagingof BCECF (alternate excitation of 440nmand490
nm)were acquired at 540 nm and analyzed usingMetafluor 6.3
software (Universal Imaging; Molecular Devices). Titration of
pH was carried out by clamping the cytosolic pH with high K+

buffers (inmM:125KCl, 5NaCl, 1NaH2PO4, 1MgSO4, 10HEPES)
ofdefinedpHcontainingnigericin (10mM)andmonensin (10mM).

Mitochondrial ROS measurement

Mitochondrial superoxide generation was determined using
MitoSOX Red, a red fluorescence dye localized to mitochondria.
Cells plated on 18mmcoverslipswith 33 104 cells perwell were
treated with Pi for the indicated time and then loaded with

MitoSox Red 2.5 mM for 15 min at room temperature. Fluores-
cence images (excitation/emission: 510/580 nm) were obtained
by using an inverted microscope with confocal spinning disk
(CSU10; Yokogawa, Tokyo, Japan) and a cooled CCD camera.
Data were analyzed by MetaMorph 6.3 software (Molecular
Devices), which were from .3 independent experiments, .10
pictures from each, analyzing most cells in each picture.

Mitochondrial matrix pH measurement

Mitochondrial matrix pH was measured using adenovirus
expressing mtAlpHi (Ad-tetON-mAlpHi) as described previ-
ously (24). At 72 h after transfection, fluorescence signals
(excitation/emission: 488/535 nm) were recorded using the
confocal microscope system described above. Titration of the
mitochondrial pH was performed by clamping the matrix pH
with high K+ buffer (in mM: 125 KCl, 5 NaCl, 1 NaH2PO4,
1MgSO4, 10HEPES) of defined pH containing nigericin (10mM)
and monensin (10 mM) (26).

Mitochondrial membrane potential measurement

JC-1wasused for theDCmmeasurements inpermeabilizedcells.
Cells seededonblack-walled 96-well plateswith 53 104 cellsper
wellwere loadedwith JC-1 (500 nM) for 30min at 37°C and then
permeabilizedwith Staphylococcus aureus a toxin in intracellular
buffer solution (in mM: 140 KCl, 5 NaCl, 7 MgSO4, 1 KH2PO4,
1.65 CaCl2, 10.2 EGTA, 20 HEPES, pH 7.0). The ratio of red
(excitation/emission: 540/590 nm) over green (excitation/
emission: 490/540 nm) fluorescence intensity was monitored
from permeabilized cells with an intracellular buffer containing
JC-1 (500 nM) using amultiwell fluorescence reader (FlexStation
II; Molecular Devices) as previously described (27).

Measurement of mitochondrial permeability
transition pore opening

The opening of themPTpore in intact cells can be traced directly
by changes in calcein fluorescence as described previously (28,
29). Briefly, cells seeded on black-walled 96-well plates (53 104

cells per well) were pretreated with or without Pi for the in-
dicated time and loaded with calcein-AM (1 mM) for 30 min at
roomtemperature in thedark. Subsequently, afterwashout, cells
were incubated with CoCl2 (1 mM) for further 15 min at room
temperature. Cells were washed again, and fluorescence in-
tensity from calcein (excitation/emission: 485/530 nm) was
monitored with a multiwell fluorescence reader (FlexStation II;
Molecular Devices).

Cell viability measurement

Cell viability was estimated by theMTT [(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide] colorimetric assay, which
estimates the cellular reductive capacity (30). INS-1E cells were
seeded on 804G matrix-coated 96-well plates with 5 3 104 cells
perwell, and Piwas treated inDMEM (Hyclone)without FBS for
24 h. Then cells were incubated for 60min at 37°Cwith thiazolyl
blue tetrazoliumbromide (Sigma-Aldrich); the absorbance (A540)
was measured by a microplate reader (Molecular Devices).

Insulin measurement

Tomeasure insulin content and secretion, cells seeded on 24-well
plateswere treatedwith 3mMPi for 2.5 h in 2.8mMglucoseKRB
solution.The cellswere then incubated for30minat 37°Cwith2.8
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or 16.7 mMglucose KRB solution containing 0.1% bovine serum
albumin (the different Pi concentrations were maintained). The
supernatant and cells extracted by the acid–ethanol were col-
lected, and the level of insulin releaseandcontentweremeasured
following the manufacturer’s protocol with a rat insulin ELISA
kit (Shibayagi, Gumma, Japan). The absorbance (A450) was
measured by a microplate reader (Molecular Devices).

Small interfering RNA transfection

To knock down PiT-1/-2, SiGenome SmartPool small interfering
RNA (siRNA) duplexes (mixture of 4 different siRNA targeting 4
different regions of 1 mRNA) were purchased from Bionner
(Daejeon, Korea). Transfection of siRNA oligo was carried out
using DharmaFECT-1 siRNA transfection reagent (T-2001-03;
Thermo Fisher Scientific).

INS-1E cells (3 3 105 cells per well) or dispersed pancreatic
islet cells were plated on 804G matrix-coated 6-well plates for
Western blot analysis or 24-well plates for insulin secretion
assay, respectively, in penicillin-freemedium. Transfectionwas
carried out 1 h after plating according to the manufacturer’s
protocol, with minor variations. For a single 6-well or 24-well
plate setting, total transfection volume was 2 ml or 500 ml, in-
cluding 2.5 or 0.5 ml Dharmafect-1 and 100 nM siRNA, diluted
in Opti-minimal essential medium (MEM) (31985-070; Thermo
Fisher Scientific). In separate tubes, siRNA and Dharmafect-1
were diluted with Opti-MEM to a final volume of 200 or 50 ml
in each tube and kept at room temperature. After 5 min, the
contents of these 2 tubes were combined, pipetted out gently to
mix, andkept for 20minat room temperature. This step allowed
the formation of the siRNA-transfection reagent complex that

delivers siRNA into the cell. Antibiotic-free Opti-MEM (1.6 or
400 ml) was added to the cells grown in 35 or 15.6 mm dishes so
that the final volume reached to 2 ml or 500 ml. After 20 min,
siRNA-transfection reagent complex was added by drops to the
cells,with slowswirling to spreadproperly.Knockdownofgenes
was assessed at 48 h by determining mRNA levels using quan-
titative PCR. For assessing protein levels, Western blot analysis
was performed at 72 h after siRNA transfection. Functional as-
says for siRNA-mediated gene silencing were performed at 48 h
formRNA level and 72 h for protein level after siRNA treatment.

Statistical analysis

Values are presented asmeans6 SEM. P valueswere obtained by 2-
tailedunpaired Student’s t test or by 1- or 2-wayANOVA, followed
byTurkey’smultiple comparison test.P,0.05was considered tobe
statistically significant. Data analysis was performed by Prism 6
software (GraphPad Software, La Jolla, CA, USA).

RESULTS

PiT-1/-2 in INS-1E cells

In INS-1E cells and whole rat pancreatic tissue, higher ex-
pressions of PiT-1/-2 were detected at both the mRNA and
protein level (Fig. 1A,B). The transcriptional level of type II
NaPiwasundetectable in INS-1E cells, although therewere
higher expressions in rat kidney. When INS-1E cells were
incubated in high Pi concentration, PiT-1 mRNA level was

Figure 1. High Pi up-regulates PiT-1/-2 in INS-1E cells. RT-PCR (A) and Western blot (B) analyses showed that PiT-1/-2 are
abundantly expressed in INS-1E cells and rat pancreatic tissues. Transcript (C) and protein levels of PiT-1 (D), and PiT-2 (E)
were up-regulated when INS-1E cells were exposed to high Pi condition. *P , 0.05, **P , 0.01, and ***P , 0.001.
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significantly increased; PiT-2 mRNA level tended to in-
crease without reaching significance (Fig. 1C). After 24 h
incubation in high Pi–containing medium, the PiT-1/-2
proteins were also markedly up-regulated, which could
further increase cellular Pi uptake (Fig. 1D, E).

Patchclampexperimentswereperformedtocharacterize
the Pi transport in PiT-1-overexpressing HEK293 cells (Fig.
2A).Tomeasure theplasmamembranecurrentwhenPiwas
applied, membrane voltage was clamped at 2100 mV. Pi
induced an inward current in a dose-dependent manner
(Fig. 2B). The membrane was held at260 mV, and voltage
pulses from 2160 mV to 220 mV with 20 mV increments
were applied. The Pi-induced current was strongly in-
wardly rectifying (Fig. 2C). This current disappeared when
N-methyl-D-glucamine (NMDG) was used to substitute for
Na+ in the bath solution (Fig. 2D), demonstrating its exclu-
sive dependence on extracellularNa+. Interestingly, current
density was markedly decreased at acidic pH (Fig. 2E, F).
Similarly, in native INS-1E cells, the Pi-induced current re-
quired extracellular Na+ (Fig. 2G) and showed similar pH
dependence as in HEK293 cells (data not shown).

Todirectly demonstrate theNa+ influxwith Pi,we used
SBFI as a cytosolic indicator of Na+. Application of high Pi

increased the ratio of SBFI fluorescent intensities, which
reflects intracellular Na+ concentration in INS-1E cells
(Fig. 2H).

Pi-induced cytosolic alkalinization facilitates
mitochondrial Pi uptake

To study the alterations in intracellular pH (pHi) by high Pi,
BCECF was used to monitor pHi. When the pHe was 7.4,
basal pHi was increased from 7.16 to 7.73 by 5 mM Pi (Fig.
3A).At acidic pHeof 6.8, however, highPi-induced cytosolic
alkalinizationwasmarkedly reduced (Fig. 3B, C), consistent
with the amplitude of inward currents. Mitochondrial Pi
uptake results in the hyperpolarization of themitochondrial
membrane potential (DCm) (26). Interestingly, Pi-induced
mitochondrial hyperpolarizationhadalmostdisappearedat
anextramitochondrialpH(pHi)of 6.6 inpermeabilizedcells.
On the other hand, alkaline pHi strongly increased DCm
hyperpolarization (Fig. 3D, E). We have shown previously
that superoxide is generated as a result of mitochondrial
Pi uptake (15); therefore, the pHe, through its effect on
Pi transport, may therefore influence Pi-induced ROS

Figure 2. Pi elicits inward currents and cytosolic Na+ rise in dose- and pH-dependent manner. In PiT-1 overexpressed HEK293
cells (A), Pi (0.05 ; 5 mM) elicited dose-dependent inward currents clamped at 2100 mV (B). This current showed inwardly
rectifying characteristics (C), and extracellular Na+ (D) and pH (n = 4; E, F) dependencies. In INS-1E cells, Pi also induced Na+-
dependent inward currents with pHe dependencies (G). Pi elevated increased intracellular Na+ concentration measured by using
Na+ indicator SBFI-AM (H). *P , 0.05.
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generation. Indeed, extracellular alkalinization strongly
increased Pi-induced ROS production (Fig. 3F). These
data indicate that mitochondrial Pi uptake is potentiated
in alkaline pHi; thus, cytosolic alkalinization by cellular
uptake of Pi positively feeds forward to acceleration of Pi
transport into mitochondria and superoxide generation.

To test whether Pi can alkalinize mitochondrial matrix
pH (pHm), which is known to stimulate mPT (31), we
measured pHm by overexpression of mtAlpHi using ade-
novirus (27). High Pi also alkalinized pHm (Fig. 4A), which
was abrogated by acidic pHe (Fig. 4B, C). Next, mPT pore
opening was assessed using the calcein-Co2+ quench tech-
nique (15). Calcein fluorescence was reduced when INS-1E
cells were incubated in an elevated Pi condition in a dose-
dependent manner (Fig. 4D). The opening of the mPT pore
wasaggravated in thealkalinecondition (Fig.4E).Reductive
capacity and survival of INS-1E cell were measured using
the MTT assay (16). While acidic condition protected the
cells fromPi toxicity, alkanalization strongly diminished cell
viability (Fig. 4F).

Knockdown of PiT-1/-2 prevents high
Pi-induced ROS generation, ER stress,
and defective insulin secretion

To confirm the critical role of Pi transport across the
plasmamembrane leading to oxidative stress, mPT, and

cell death, transfection with siRNA against PiT-1 or PiT-
2 was performed. Knockdown of both PiT-1 and PiT-2
reduced mRNA levels by 50 and 66%, respectively (Fig.
5A). There was a corresponding reduction of PiT-1/-2
protein levels by 42 and 38% respectively (Fig. 5B).
Blocking Pi transport across the plasma membrane by
knockdown of PiT-1/-2 significantly reduced mito-
chondrial superoxide production (Fig. 5C, D), and pre-
vented mPT pore opening (Fig. 5E) and cell death (Fig.
5F) induced by Pi.

Glucose-stimulated insulin secretion was impaired in
INS-1E cells after exposure to 3mMPi in a time-dependent
manner (Fig. 6A). Cellular insulin content also showed a
decrease in high Pi-incubated cells (Fig. 6B). It has been
suggested that ROS elicits ER stress, including the UPR,
which is pathogenic in type 2 diabetes (32). Phosphoryla-
tion of the UPRmarkers PERK and eIF2awas observed in
INS-1E cells after 1 h exposure to 3mMPi (Fig. 6C,D). The
Pi-induced UPR was time dependent and coincided with
the reduction in insulin content.

To extend our findings on Pi-induced ROS-mediated
UPR as well as reduction of insulin release and content,
experiments were performed in primary rat islet cells.
Dispersed pancreatic islet cells were transfected with
siRNA against PiT-1/-2 (Fig. 6E). Consistent with the
results in INS-1E cells, UPRwas activated when the islet
cells were cultured in the high Pi condition. Blocking
cellular Pi uptake by knockdown of PiT-1/-2 suppressed

Figure 3. Pi induces cytosolic alkalinization which facilitates mitochondrial Pi uptake. Pi induced intracellular alkalinization measured by
using BCECF-AM, pH sensitive fluorescent dye (n = 4; A). Cytosolic alkalinization by high Pi depended on pHe (n = 3–4; B, C). In
permeabilized cells, Pi-induced hyperpolarization was significantly potentiated in alkaline extramitochondrial pH (n = 6; D, E). Pi-induced
superoxide generation was also markedly elevated in extracellular alkaline conditions (n = 4; F). *P , 0.05 and ***P , 0.001.
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the phosphorylation of PERK and eIF2a (Fig. 6F–H). As
expected, reducing Pi transport across the plasma mem-
brane prevented Pi-induced impairment of insulin secre-
tion by high glucose (Fig. 6I, J). Knockdown of PiT-1/-2
also abrogated the attenuating effects of high Pi on insulin
content (Fig. 6K).

DISCUSSION

The present work clarifies that cellular uptake of Pi in-
duces cytosolic alkalinizationmediated byPiT-1/-2 as the
main plasma membrane Pi transporters of INS-1E and
pancreatic islet cells. This cytosolic pH change facilitates
mitochondrial Pi transport, which leads to superoxide
generation, translational attenuation of insulin by ER
stress, and secretory defects by mitochondrial dysfunc-
tion. The underlying mechanisms of Pi-induced defective
insulin secretion are schematized in Fig. 7.

The characteristics of the Pi transport across the plasma
membrane were investigated by performing patch clamp
recordings. Application of Pi in external solution elicited a
strong inwardly rectifying current in a dose-dependent
manner. Pi-induced current disappeared when Na+ was
replacedbyNMDG.Thesedata suggest that PiT-1works as
an electrogenic cotransporter for Na+ and Pi. This conten-
tion is supportedby the increaseof intracellularNa+byhigh
Pi. The functional properties of type III NaPi have been

investigated in oocytes from Xenopus laevis overexpressing
PiT-1/-2 (17, 20).We observed in this study that Pi-induced
current is potentiated in alkaline pHe both in PiT-1 over-
expressingHEK293cells (Fig. 2E) andnative INS-1Ecells. Pi
in plasma exists in 2 forms, monovalent H2PO4

2 and di-
valentHPO4

22, depending on pH (pHe) (4, 5, 8). Because of
its pKa (7.2), HPO4

22 is more abundant in an alkaline
condition than H2PO4

2. Of note, high extracellular Pi al-
kalinized cytosolic pH (pHi) (Fig. 3A). Because of more
acidic pHi than pHe,HPO4

22 entered into the cytosol easily
binds H+ and depletes cytosolic proton. At pHe 6.8, where
H2PO4

2 is dominant, Pi-induced current and cytosolic al-
kalinizationwere negligible compared to those at pH 7.4 or
7.8. It has been reported recently that extracellular acidifi-
cation by NH4Cl treatment attenuates Pi-induced vascular
calcification (33). This protective effect of acidic pHe might
be the result of reduced Pi uptake into smoothmuscle cells,
which is consistent to our findings. Taken together, the
present data reveal that PiT-1 may preferentially transport
the divalent form of Pi (HPO4

22), and cellular Pi uptake is
accelerated in alkaline extracellular condition.

It has previously been demonstrated that mitochon-
drial Pi uptake is driven by the pH gradient. Pi uptake
therefore dissipates the chemical gradient but at the same
time increases the electrical gradient under themaintained
proton motive force (26). Pi also facilitates oxidative
phosphorylation as a result of activation of metabolic en-
zymes and respiratory chain activity, which can further

Figure 4. Pi induces matrix alkalinization, mPT, and cell death in pHe-dependent manner. Mitochondrial matrix pH was
measured by infecting INS-1E cell with pH-sensitive florescent protein (mtAlpHi)-encoded adenovirus (A). Pi induced
alkalinization of mitochondrial matrix, which depended on pHe (n = 4–6; B, C). Pi-induced mPT pore opening was detected by
calcein-Co2+ quench technique (D). Opening of mPT pore (n = 5–7; E) and cell death (n = 3; F) by high Pi were exacerbated in
extracellular alkaline condition. *P , 0.05, **P , 0.01, and ***P , 0.001.
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elevate the DCm (34). The heightened electrical gradient
by mitochondrial Pi uptake causes increased ROS pro-
duction. Inparticular, the present datademonstrate for the
first time that Pi-induced hyperpolarization in alkaline
extramitochondrial pHof permeabilized cells (the same as
pHi) is strikingly more marked than that under acidic
conditions. These findings are interesting and consistent
with the previous reports, inwhich the rate of ROS release
was increased in mitochondrial matrix alkalinization. It
has been suggested that the semiquinone radical (SQ2) is

stabilized by binding with protons, but lack of protons in
mitochondrial matrix potentiates superoxide radical gen-
eration (35). Our findings suggest that acceleration of mi-
tochondrial Pi uptake by alkaline pHi could be another
mechanism for ROS generation in response to alkaline
condition. We also can infer that Pi transports across the
mitochondrial inner membrane also conduct mainly di-
valent form of Pi similar to those of plasma membrane.

The mitochondrial permeability transition (mPT) pore
has long been proposed to be a multiprotein complex

Figure 5. Knockdown of PiT-1/-2
blunted Pi-induced ROS generation,
mPT pore opening, and prevented Pi-
induced cell death. Quantitative PCR (A)
and Western blot (B) analyses confirmed
knockdown efficiency of siPiT-1/-2. Pi
(1 or 5 mM) was applied for 1 h. Double
knockdown of PiT-1/-2 prevented ROS
formation by Pi (5 mM for 1 h) (n = 3;
C, D), mPT pore opening (n = 7; E),
and cell death (n = 3; F). *P , 0.05 and
***P , 0.001.

Figure 6. Knockdown of PiT-1/-2 prevented ER stress and restored defective insulin synthesis and secretion induced by high Pi.
High extracellular Pi impaired glucose-stimulated insulin secretion (GSIS, n = 3; A) and reduced insulin content (n = 3; B) in
time-dependent manner. Incubation with 3 mM Pi increased PERK (C) and eIF2a (n = 3; D). Reduced PiT-1 protein level in rat
dispersed pancreatic islets by siPiT-1/-2 (E). Double knockdown of PiT-1/-2 prevented Pi-induced ER stress (F–H), impaired
glucose-stimulated insulin secretion (I, J ), and reduced insulin content (K). *P , 0.005, ** P , 0.01, and ***P , 0.001.
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composed of mitochondrial inner and outer membrane
proteins, butmolecular identificationof its componentshas
not yet been clearly elucidated (31, 36). Recent work by
Alivian et al. (37) has provided evidence that the C subunit
of ATP synthase could be a critical constituent of the mPT
pore. The properties of the mPT pore vary depending on
the tissue; for instance, the sensitivity to cyclosporine A is
very low in mitochondria from brain or pancreatic b cells
compared to those from other tissues (38). The factors
regulating mPT pore opening include oxidative stress,
adenine nucleotide depletion, pH, and mitochondrial ma-
trix Ca2+ or Pi overload (31). These factors cooperate to
increase permeability of the inner mitochondrial mem-
brane, resulting in the loss ofDCm,mitochondrial swelling,
and ruptureof theoutermitochondrialmembrane, causing
release of proapoptotic intermembrane proteins into the
cytosol. By using the calcein-Co2+ quench technique, we
observed higher permeability to CoCl2 via mPT pore
opening by Pi in a dose-dependent manner. In addition,
incubation of cells in acidic condition significantly reduced
Pi-triggered mPT pore opening, contrasting with the
drastic stimulation of mPT in alkaline pH. These data
support the hypothesis that Pi-induced cytosolic alkalin-
ization facilitatesmitochondrial Pi uptake, which increases
the permeability of the mPT pore, exacerbating cell death.
Blocking plasmamembrane Pi transport by knockdown of
PiT-1/-2 completely suppressedROSgeneration, inhibited
mPT, and prevented cell death by high Pi treatment.
Therefore, we can infer that up-regulation of PiT-1/-2 by
high Pi incubation further exacerbates Pi overload and
consequent pathogenic changes, which could be a target
for intervention to attenuate the following processes.

In prediabetes and diabetes, the b cells are exposed to
high glucose concentrations. When blood glucose level is
increased, the demand for insulin (a b cell produces 1
million proinsulin molecules per minute in response to
hyperglycemic stimulation) poses a heavy burden on the
ER (32).After foldingofproinsulin in theER, itsprocessing
to mature insulin is completed in the secretory granules.
ProinsulinmRNAmakes up asmuch as 20%of totalb cell
transcripts (39). Therefore, glucose-stimulated proinsulin
translationmay cause an excessive protein folding loadon
theER, resulting inUPRand eventuallyER stress (40).Our
previous study revealed that mitochondrial Pi uptake
generates ROS, leading to ER stress and reduction of

insulin content (15). In the present work, we found that
high Pi activatesUPR, decreasing insulin content in a time-
dependent manner. The defective insulin secretion and
reduced hormone content evoked by high Pi were pre-
ventedbyknockdownofPiT-1/-2.Wesuggest thatplasma
membrane Pi transport determines high Pi-induced b-cell
toxicity, as depicted in Fig. 7.

We have shown that Pi transported across the b-cell
plasma membrane via PiT-1/-2 is taken up by the mito-
chondria. Subsequently, ROS generation correlates with
the opening of the mPT pore, leading to mitochondrial
dysfunction and defective insulin secretion. In addition,
ROS production also initiates ER stress, causing UPR
resulting in insulin translation attenuation, which lowers
insulin content. These 2 mechanisms are proposed for
the pathophysiological changes after b-cell exposure to
high Pi concentrations. It is proposed that the lowering of
islet cell phosphate occurring during glucose-stimulated
insulin secretion, referred toas thephosphate flush (41, 42),
represents a protective mechanism to avoid phosphate
cytotoxicity. Our results shed light on the harmful effects
of hyperphosphatemia, evoked, among others, in the ac-
celeration of the aging process. Inhibition of cellular Pi
uptake viaPiT-1/-2,mitochondrial Pi transporters, and the
activation of themitochondrial antioxidant systemmaybe
therapeutic approaches to treat phosphate toxicitywith the
potential of decreasing age-related metabolic diseases.
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T he Internet of Things (IoT) has revolutionized 
several application domains by enabling 
efficient solutions for solving complex 

problems through the so-called “IoT services,”1 
which are basically (smart) services leveraging 
IoT sensing capabilities and analytics of IoT sens-
ing data. Well-known application domains where 
IoT services play a crucial role include smart cit-
ies,2 such as traffic monitoring and recommenda-
tion, wastewater management, public safety, and 
healthcare; monitoring climate change,3 includ-
ing the monitoring of floods, saltwater, and rising 
sea levels; and smart agriculture,4,5 such as food 
safety monitoring and smart farming. In the con-
text of Vietnam, in particular, and in developing 
countries, in general, these application domains 
are of paramount importance for developing sus-
tainable society and living conditions.

Despite being one of the leading countries in 
IT outsourcing, IoT research and development in 

Vietnam for critical problems, such as food safety, 
traffic management, saltwater intrusion, and waste-
water management are fragmented and underde-
veloped. To provide a landscape of IoT services for 
solving those problems, we analyze four critical 
application domains in Vietnam. We highlight cur-
rent IoT research and development for those criti-
cal domains and identify several obstacles. We also 
propose a research roadmap that focuses on devel-
oping novel software solutions to deal with the lack 
of efficient IT infrastructures and integrated domain 
knowledge for IoT services in these domains. 

IoT Services for Crucial Application 
Domains in Vietnam
Many application domains can potentially ben-
efit from advanced IoT services. Due to several 
constraints in research and development funding, 
along with the urgency, importance, and severity 
of problems in the context of Vietnam, we select 
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and focus on four crucial application 
domains. 

Domain 1: traffic congestion in urban 
areas. The development of big cities’ 
infrastructure in Vietnam usually falls 
behind the urbanization process. This 
frequently leads to overcrowded city 
streets, primarily with motorbikes. At  

the same time, the air is heavily polluted  
due to exhaust fumes from vehicles 
and industrial factories. These factors 
deter economic development, but IoT 
services could help reverse this unde-
sired situation. For example, IoT ser-
vices could introduce novel solutions 
to detect traffic problems, reducing 
fuel consumption and air pollution 

as well as time for traveling within 
the cities (see the “Smart Cities and 
Transportation” sidebar).

Domain 2: agricultural productiv-
ity improvement and food safety. 
According to the General Statistics 
Office of Vietnam (www.gso.gov.vn/ 
Default_en.aspx?tabid=491), as of 2014,  

Smart Cities and Transportation

The road infrastructures of Vietnam’s big cities suffer from 
low quality and insufficient quantity. Improving the infra-

structures requires substantial investments, in terms of money 
and time. With Vietnam’s current economic outlook, it will take 
many years to see a significant improvement. Thus, leveraging 
advanced IoT services for traffic monitoring and planning could 
help improve traffic conditions using the currently available 
infrastructures. IoT services would enable us to continuously 
collect traffic data, analyze the collected data, and optimize traf-
fic by utilizing analytic results. IoT services also help connect 
different vehicles to many other devices and things, such as toll-
booths, surveillance cameras, and sensors tracking goods; these 
items can coordinate to support transportation and create a 
pleasant traveling experience.

There are a number of projects and commercial products 
for smart transportation in Vietnam, such as Magiwan (www.

magiwan.com/en/), binh Anh solutions (http://binhanh.vn), and 
Vcomsat (http://giamsathanhtrinh.vn), that provide features 
for vehicle and goods tracking using mobile communication 
networks (GSM, 3G), positioning systems (GPS), RFID, spe-
cialized sensors, and video cameras. From the research per-
spective, little effort has been spent on traffic monitoring and 
planning on a large scale. One effort is Smart bK Traffic for 
traffic monitoring and analysis in Ho Chi Minh City (http://
traffic.hcmut.edu.vn). Although traffic data collected from 
GPS devices on public buses and motorbikes are analyzed at 
a datacenter, the scale still isn’t very large due to the lack 
of suitable infrastructures and traveler participation. Overall, 
we need to exploit the latest technologies and techniques, 
such as cloud computing, sensors, data mining, and analyt-
ics to support the realistic scale of connected things in city 
transportation.

Food Source Verification and Safety

Food safety is a primary concern in Vietnam. Several unsafe 
cases have been reported,1 including antibiotic residue, 

growth promoters, or heavy metals in pork; pesticide residue, 
nitrates, or heavy metals in vegetables and fruits; and fisheries 
in polluted land and water. To improve the quality of agricul-
tural products in the context of the World Trade Organization 
(WTO), the ASEAN Economic Community, or the Trans-Pacific 
Partnership in the future, the Vietnamese government encour-
ages farmers to follow Viet/Global Good Agricultural Practice 
(GAP). In this context, we see a huge potential of developing 
IoT services.2 For example, IoT sensing techniques foster farm 
monitoring and product traceability. Using IoT technologies, 
farm monitoring and product-delivery data can be captured at 
the right time for further analytics. by combining IoT services 
with related information (for example, food domain knowledge, 
the weather, or the pollution of land, water, or air), we could 
provide information about the quality of food.3

Currently, the number of farms following the Viet/Global 
GAP is small (for example, according to T.H. Ngo and K.T. 
Duong1 only 1.44 percent of the total area of cultivated vegeta-

bles follows GAP principles). However, as the demand for GAP 
products is high, products could be falsely labeled as coming 
from GAP farms, and currently there’s no tool for consumers 
to verify the products’ origin. Furthermore, at the farm side, 
we don’t have suitable tools to monitor how farms operate 
following the GAP. Occasionally authorities manually verify the 
information, but this is an inefficient approach. Some projects 
are developed for smart farms, such as MimosaTek (https://
mimosatek.com), but these only cover hardware and a few ser-
vices for monitoring farms.
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66.9 percent of the Vietnamese pop-
ulation live in rural areas, and work 
mostly in agriculture (for example, 
cultivating rice and coffee, or farm-
ing fish, prawns, and lobsters). How-
ever, the farms are small and the use 
of technology for agriculture is low. 
Therefore, productivity in agricultural 
areas is rather low, compared with that 
in neighboring countries. Advanced 
technologies are in high demand for 
improving the productivity in agri-
culture as well as the quality of prod-
ucts. Another related critical problem 
is food safety. The widespread use of 

chemical agents in industrial facto-
ries and farming activities makes the 
safety control of toxic chemical agents 
extremely challenging. This problem 
substantially affects the health of peo-
ple. IoT services are naturally suited for 
controlling food chains and the use of 
toxic chemical agents in food-related 
products (see the “Food Source Veri-
fication and Safety” sidebar).

Domain 3: saltwater intrusion impact 
monitoring. The Mekong Delta region 
provides substantial agricultural/aqua-
culture products for Vietnam, includ-

ing tropical fruit, rice, prawn, and 
freshwater fish. However, this region is 
submerged and suffering from saltwa-
ter intrusion at large scale in various 
geographical areas. Rising sea levels 
endanger large portions of the avail-
able cultivated land. In addition, the 
lack of fresh water supply from Mekong 
river systems accelerates the intrusion 
of seawater. IoT services could be used 
for monitoring the effects of saltwater 
intrusion in the region, and planning 
possible reactions to reduce its unde-
sired impact (see the “Saltwater Intru-
sion” sidebar).

Saltwater Intrusion

The Mekong Delta region in Vietnam faces a severe problem 
of sea level rise.1,2 Saltwater intrusion has emerged as an 

important issue for the Mekong Delta region and the other 
regions in Vietnam.2 For example, in the Mekong Delta region, 
the saltwater can encroach inland about 40 to 60 km, in 4 or 5 
months.1,2 This causes severe problems for water sources for 
living and agriculture in the region.1,2 It’s difficult for farmers to 
use the river water for irrigation, vegetable gardens, and fruit 
trees. All of these factors greatly impact people’s lives, espe-
cially people of the coastal region.1–3

Monitoring saltwater intrusion in real time and analytics 
solutions would help predict possible problems and planning. 
IoT services are clearly winning solutions to build a network 
of automatic salinity-monitoring stations in the Mekong Delta 
region, to provide real-time monitoring of saltwater intrusion. 
IoT services can provide quick warnings about salinity changes 

in some of the main rivers in the Mekong Delta. However, 
there’s a lack of IoT solutions for such monitoring and analyt-
ics at the moment. This hinders suitable recommendation or 
decision-support systems for simulating and predicting saltwa-
ter intrusion in a determined period. 

References
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Wastewater Management

Vietnam is facing with a critical problem of environmental 
pollution, especially due to wastewater in big cities and 

from industrial parks.1 Many factories are established along riv-
ers and they produce untreated waste disposal, causing a lot 
of diseases for people and aquaculture. However, monitoring 
wastewater pollution is very challenging due to the lack of suit-
able technology solutions. 

In general, IoT services could support the management, 
operation, and maintenance of the entire sewer system, waste-
water lakes, and wastewater treatment,2 but this development is 
at an early stage in Vietnam. Sensors for measuring wastewaters 
(for example, measuring pH, salt, and phosphorus) have been 
used in Vietnam, but existing solutions are just applied to small-
scale monitoring. In DaNang City, we investigate large-scale IoT 

services with flexible and extensible architectures for wastewa-
ter management and how such services interoperate with vari-
ous systems, such as supervisory control and data acquisition 
(SCADA), weather forecasting, and environment monitoring. 
This will enable advanced decision making, information services, 
and modeling for DaNang’s wastewater management systems. 
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Domain 4: wastewater monitor-
ing: The lack of proper infrastruc-
tures makes it difficult to control 
wastewater from factories as well 
as domestic activities in Vietnam. 
Leaking unprocessed wastewater into 
the environment could adversely 
affect people’s health, along with the 
quality of agricultural products and 
wildlife. Advanced techniques from 
IoT could help humans closely monitor 
the wastewater and avoid negatively 
impacting the environment (see the 
“Wastewater Management” sidebar).

Obstacles in Developing and 
Deploying IoT Services
To develop IoT services for these 
domains, we’ve faced several common 
obstacles, as we detail here.

Weak infrastructure for IoT deploy-
ment and advanced services. 
Generally, computing and analysis 
infrastructures for IoT services are lim-
ited in Vietnam. Thus, various issues 
related to the information and commu-
nication technologies (ICT) infrastruc-
ture must be improved to empower IoT’s 
potential. IoT services for such applica-
tion domains will rely on the Internet 
infrastructure, which, in Vietnam, isn’t 
well-suited for the scale, dynamism, 
and data-delivery patterns specific to 
IoT. First, datacenters are located on 
global clouds and commonly far away 
from IoT data sources, while in most 
IoT applications, data and services are 
consumed by local users and applica-
tions. Cloud infrastructures and services 
provided inside Vietnam are still rather 
partial and used for private purposes, or 
they’re small-scale with public services. 
Second, the country has fragmented 
infrastructures and weak networks, 
which hinder the development of reli-
able IoT services. Wireless access net-
works without suitable edge services 
aren’t powerful enough for several 
application domains. For example, for 
saltwater monitoring in sparse regions, 
IoT services don’t work well with cen-
tralized clouds in assisting IoT services. 

Lack of domain knowledge for ana-
lytics. In addition to IoT sensing data, 
the heterogeneity of data sources and 
knowledge of application domains 
must be integrated. Such data sources 
and knowledge, such as about air/
water pollution, weather/climate, 
traffic, and agriculture, are strongly 
related to conditions and expertise 
in Vietnam. For example, the traffic 
behavior with motorbikes in Vietnam  
is quite unique, and social networks and  
multimedia sources document traffic 
problems quite well. However, traffic 
patterns and knowledge haven’t been 
gathered systematically, to enable 
efficient traffic planning. In the four 
focused domains, there’s a lack of 
useful data sources and knowledge as 
well as proper tools for dealing with 
such data and knowledge. Essentially, 
the historical knowledge needed to 
serve as ground-truth data in these 
domains is often missing.

Lack of IoT research networking 
and awareness. Research and aware-
ness about IoT services are quite lim-
ited. Do-it-yourself small-scale IoT 
applications (for example, for home 
monitoring) are quite popular, but 
they’re designed to solve very spe-
cific and narrow issues. Thorough 
and thoughtful investigation is cur-
rently lacking (but sorely needed) 
when looking at the IoT potential for 
large-scale applications. For example, 
while IoT services for food safety 
and agriculture have a strong impact 
on the population outside the cities, 
the level of awareness of such IoT 
potentials and solutions is low in the 
countryside. Interdisciplinary collab-
oration is another major problem. For 
IoT services to support these crucial 
application domains, a wide range of 
knowledge from different disciplines, 
such as computing, statistics, and 
application-specific domain knowl-
edge, is required. However, this type 
of collaboration is limited and frag-
mented in Vietnam for cultural and 
economic reasons. There are precious 

few efforts to set up initiatives that 
intertwine the related technologies 
and knowledge in a common research 
and educational program.

Research Roadmap
We must solve several challenges for  
the research and development of IoT  
services. Many of them require national  
initiatives and go beyond technical and  
scientific ones. Specific services within  
particular domains require specific treat- 
ment. Hence, we limit our discussion 
to a short-term perspective — a 5-year 
vision — of the following foundational 
technical and scientific research areas 
(RAs) essential for all of the aforemen-
tioned domains. 

RA1: Improving Infrastructures 
through Novel Software Solutions
New network infrastructures and 
high-performance computing systems 
are desirable. However, they require 
substantial investment in long-term 
perspectives. Thus, we concentrate on 
the following novel software solutions 
to tackle infrastructure problems.

Develop software solutions that 
leverage edge computing models to 
deal with bottlenecks in network 
and computing infrastructures. 
Such models6 enable distributed com-
putation close to the large amount of 
data produced by IoT devices. In the 
context of Vietnam, these models are 
important because we don’t have big, 
centralized datacenters/clouds like 
other countries. Furthermore, such 
models would fit well to the monitor-
ing and analytics in sparse geograph-
ical zones, such as in agriculture and 
saltwater intrusion.

Optimize communications between 
datacenters and edge-computing 
nodes as well as between multiple 
datacenters (in the future) using 
software-defined networking and 
network function virtualization 
(SDN/NFV)7 as the focus. Although 
SDN/NFV are hot topics in other 
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places as well, in Vietnam we need to 
exploit them intensively because our IoT 
services either have dense networks of 
moving IoT objects or geo-sparse, dis-
tributed weak networks of IoT devices. 
For example, in big cities, IoT services 
for traffic in Vietnam will rely on a lot of 
moving objects (such as people’s mobile 
devices while they ride on motorbikes) 
due to the lack of fixed IoT sensing sys-
tems. This would require novel solutions 
to deal with different, dynamic IoT data-
flow and access patterns.

Develop secur ity and pr ivacy 
frameworks for IoT services. This is 
a global challenge, but it’s particularly 
crucial in Vietnam due to the lack of 
well-established security and privacy 
practices and knowledge. Research 
should focus on two distinguishable 
situations in our application domains. 
First, we’ll have IoT services developed 
and deployed in sparse regions, such 
as for smart agriculture and saltwater 
intrusion. Second, IoT services can rely 
on a large-scale participation of human 
sensing (for example, for traffic, which 
is a suitable model in Vietnam,8 in a 
very dense network of moving objects). 
These situations require very different 
security and privacy mechanisms and 
policies to enable IoT service operations. 

RA2: Integrating Domain 
Knowledge and Analytics
Incorporating domain expertise with IoT 
data is challenging, as a lot of domain 
knowledge still needs to be gathered 
and made available for data analyt-
ics. With so many types of knowledge 
being uniquely associated with special 
contexts in Vietnam, it makes this task 
difficult. To contend with this, we sug-
gest the following concrete actions. 

Develop a suitable scheme where 
large domain knowledge bases can 
be built up by domain experts and 
citizens using social networks and 
crowdsourcing of knowledge. Con-
sidering that social networks are very 
attractive for other types of conversa-

tions in Vietnam, they could be a useful 
means for gathering experts and citizens 
to provide knowledge. Crowdsourcing 
of knowledge for crucial problems in 
Vietnam could benefit a lot from the 
concept of “citizen science,” especially 
for agriculture, saltwater intrusion, 
and traffic knowledge, because citizens 
have extensive knowledge through 
their daily interactions in the domains, 
while the number of experts is limited 
and often the experts are located in lim-
ited areas (mostly cities). In this respect, 
experiences from other countries, such 
as in Africa,9 would be useful.

Develop different information-as-a-
service and knowledge-as-a-service 
infrastructures at the national level 
for different application domains 
by leveraging cloud and data service 
models. In particular, we should focus 
on current high-demand knowledge 
such as smart cities (knowledge about 
the environment, traffic monitoring, 
urban planning, and traffic modeling); 
agriculture (knowledge about aqua 
farming, water quality, animal produc-
tion, and dairy production), fruit farm-
ing production, and disease treatments; 
food technology/quality (knowledge 
about food processing, safety control,  
and quality management); and water 
management (knowledge about water 
sources and water flows). 

Enable ef f icient ways to bring 
different experts from different 
domains. To foster and implement 
collaboration among experts for 
knowledge integration, we need to 
have suitable frameworks for joint 
efforts, such as organizing multidis-
ciplinary seminars and workshops 
among higher education and research 
institutions. In the context of Vietnam, 
we could achieve this only if funding 
sponsors (government or industries) 
put a focus on basic multidisciplinary 
research. Funding sponsors shouldn’t 
favor the current approach, which 
focuses on application-oriented, silo-
disciplinary research. 

Given these concrete actions and 
the existing available (open source) 
software for, for example, cloud tech-
nologies, crowdsources, IoT, knowledge 
management, and advanced data pro-
cessing frameworks from the devel-
oped world, we expect that certain goals 
in our roadmap would be achieved in 
the next five years. This, of course, can’t 
be done without appropriate education 
and research funding programs, which 
are other important issues that are out 
of the scope of this work.

C oncentrating mainly on four cru-
cial domains in Vietnam, we ana-

lyzed the importance of IoT services 
and obstacles for developing IoT 
services. The focusing points of our 
roadmap are for developing novel 
solutions by leveraging existing tech-
nologies to address specific condi-
tions in Vietnam. Obviously, there 
are other crucial issues as well — for 
example, better network infrastruc-
ture deployment, training, and edu-
cation program enhancement, and 
research funding strategies. However, 
they require much more thoughtful 
and long-term substantial invest-
ment that goes beyond the capabili-
ties of research and development in 
universities and in small and medium 
enterprises. Furthermore, although 
our study is focused on Vietnam, such 
problems are inherent in other devel-
oping countries. Therefore, we hope 
to collaborate with others to foster the 
development of common IoT services 
for developing countries. 
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ABSTRACT 

 

One of the most considered functions of MHC molecules is utilized to bind to peptide 

fragments originated from pathogens and display them on the cell surface for later 

recognition by the appropriate T-cells. The olfactory system also called sense of smell is the 

part of the sensory system used for smelling (olfaction). Many reports revealed that olfactory 

receptors (ORs) are encoded by the largest multigene family in mammals. Moreover, several 

researches suggested that the activation of ORs also have the links to reproductive and 

immune systems. Understanding the operation mechanism of OR system could lead to the 

understanding about the activation mechanisms of the immune system to later apply to 

improve the life quality as well as to develop some better strategies in the livestock industry. 

Although, the results from this report show the linkage which is not strong between Olfactory 

receptor clusters and Major Histocompatibility Complex region, they still have large number 

of OR genes located on the same chromosome with MHC regions, such as 77 and 253 OR 

genes on MHC chromosomes of cattle and porcine, respectively. 
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INTRODUCTION 

The immune system could be divided into two including innate and acquired immune 

system, and the major histocompatibility complex (MHC) belongs to the acquired immune 

system with a set of proteins on their cell surfaces needed to recognize foreign molecules 

in vertebrates. So, it turns out that this system will determine the histocompatibility. Several 

studies carried out on inbred mice and rats proved that products from MHC genes influence 

individual-specific odors which could play an essential role in the process of mating choice 

(Yamazaki et al., 1979, Brown et al., 1987, Singh et al., 1987) (Yamazaki et al., 1976, Brown 

et al., 1989, Potts et al., 1991, Penn and Potts, 1998a, b, Penn and Potts, 1998c). Several 

researches had been confirmed that OR proteins are encoded by the largest gene superfamily 

in the mammalian genome, and with the emerging of sequencing technologies and the 

availability of genome sequences, many studies have been performed to decode the 

complexity of Olfactory receptor gene family in several species such as humans (Glusman et 

al., 2001, Zozulya et al., 2001, Niimura and Nei, 2003, Malnic et al., 2004), Bovine (Lee et 

al., 2013), Pigs (Nguyen et al., 2012), dogs and rats (Olender et al., 2004, Quignon et al., 

2005, Niimura and Nei, 2007), mice (Young et al., 2002, Zhang and Firestein, 2002, Godfrey 

et al., 2004, Zhang et al., 2004), other vertebrates (Freitag et al., 1995, Freitag et al., 1998, 

Niimura and Nei, 2005, 2007), and fish species (Ngai et al., 1993, Barth et al., 1997, Cao et 

al., 1998, Freitag et al., 1999, Sun et al., 1999, Dugas and Ngai, 2001, Kondo et al., 2002, 

Alioto and Ngai, 2005). Basically, there are two classes of OR gene families including the 

fish-like Class I ORs consisting of 17 families and the tetrapod-specific Class II ORs 

consisting of 14 families (Freitag et al., 1995). In this study, we try to perform the 

relationship between OR clusters and MHC region within six species. 

 

PROCESS TO RETRIEVE OLFACTORY RECEPTOR GENES 

The process with three steps as described below is the common procedure that has been 

widely used by several scientists previously to measure the physical distance among loci. 

(Nguyen et al., 2012, Lee et al., 2013). 
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Figure 1. The process to measure physical distance between OR genes and the MHC region. 

 

 

 

 
Figure 2. The physical distance between OR clusters and the MHC region. SLA, Swine 

Leukocyte Antigen; HLA, Human Leukocyte Antigen; MLA, Mouse Leukocyte Antigen; 

RLA, Rat Leukocyte Antigen; DLA and Dog Leukocyte Antigen. OR, Olfactory receptors. 

Data were from Niimura and Nei (Niimura and Nei, 2006), Nguyen et al. (Nguyen et al., 

2012), (Olender et al., 2004, Quignon et al., 2005, Niimura and Nei, 2007), (Glusman et al., 

2001, Zozulya et al., 2001, Niimura and Nei, 2003, Malnic et al., 2004) and Lee et al. (Lee et 

al., 2013). 
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DISCUSSION 

MHC haplotypes and olfaction have been suspected to be related (Younger et al., 2001, 

Santos et al., 2010). Therefore, we determined the number of OR genes that were located on 

the same chromosome as the MHC region in humans, dogs, mice, rats, pigs and cows. 

Although, the number of OR genes on chromosome 23, which contains the MHC region in 

cows (Lee et al., 2013), was 77 much lower than in pigs (n=253) (Nguyen et al., 2012), their 

distribution was still higher than other species with the MHC containing chromosomes (data 

not shown). Moreover, we found that the distribution of OR genes on the chromosome 23 and 

BoLA (bovine leukocyte antigen) regions are nearby together. Further evaluation of the 

physical distance between OR genes and the MHC region among six species also showed that 

these clusters were not always physically proximal to each other, showing that the physical 

linkage between OR clusters and MHC regions is not strong. 

However, recently, Jahromi suggested that a single nucleotide polymorphism (SNP) in 

the olfactory receptor family 14, subfamily J, member 1 (OR14J1) gene, rs9257691, in the 

MHC telomeric region might become a signal to identify the role of OR gene in the 

pathogenesis of T1D (Type 1 diabetes) in patients who are prone to diabetic complications 

(Jahromi, 2012).  

 

CONCLUSIONS 

Our report provides the preliminary observation about the physical linkage between OR 

genes and MHC regions. Although in theory there is no strong linkage among them, some 

practical experiments should be further carried out to confirm the significant effects of OR 

gene variations on MHC activity. 
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Cái ghẻ Sarcoptes scabiei là loài mạt có kích thước rất nhỏ chỉ quan sát được dưới kính hiển vi. 

Có nhiều loài S. scabiei ký sinh ở nhiều loại ký chủ khác nhau: người, động vật hữu nhũ nuôi và hoang 

dã, khó phân biệt khi quan sát hình thể với kính hiển vi quang học.  Đa số tác giả dựa trên ký chủ 

chuyên biệt và phân tích AND để xác định tên của cái ghẻ như Sacoptes scabiei var. homini (ký sinh ở 

người), S. scabiei var equi (ký sinh ở ngựa), S. scabiei var  ovis (ký sinh ở trâu, bò) … 

HÌNH THÁI VÀ PHÂN BỐ 

Cái ghẻ ở người Sarcoptes scabiei var hominis (gọi tắt là Sarcoptes scabiei khi không có ý định 

phân biệt với các loài cái ghẻ của thú) có hình khối bầu dục, mặt bụng dẹt, mặt lưng hơi vồng lên, trên 

lưng có nhiều lông cứng. Cái ghẻ có 4 cặp chân với 2 cặp chân trước tận cùng bằng giác hút, 2 cặp 

chân sau tận cùng bằng lông cứng ở con cái, riêng ở con đực cặp chân thứ tư tận cùng bằng giác hút. 

Cái ghẻ không có đầu, không có mắt, không ăng-ten. Bộ phận miệng nhô ra khỏi thân giống như cái 

đầu gọi là đầu giả (capitulum). 

Cái ghẻ cái có bề dài 0.30-0.45mm và bề ngang 0.25-0.35mm; con đực nhỏ hơn và bằng khoảng 1/3 

đến ½ kích thước con cái (0.25mm). Trứng cái ghẻ có hình bầu dục dài từ 0.10 đến 0.15mm. 

 

 

Sarcoptes scabiei, A: con đực, B: con cái (nguồn: http://dico-sciences-animales.cirad.fr 

Giác hút 

Lông cứng 

Chân trước 

Chân sau 

Bộ phận miệng 
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    Trứng Sarcoptes scabiei (http://health.mo.gov/lab) 

Bệnh cái ghẻ ở người là bệnh phổ biến trên thế giới, gặp nhiều ở các nước đang phát triển do kém 

vệ sinh, thiếu nước tắm giặt. Gặp nhiều ở tuổi thanh niên sống tập thể. Bệnh ghẻ lây lan trực tiếp giữa 

người với người qua hoạt động tình dục, tiếp xúc cọ xát trực tiếp hoặc lây gián tiếp qua dùng chung 

quần, áo, khăn, giường, chiếu, chăn, mền… Một cách lây truyền khác cũng được đề cập đến là do 

chạm vào vật nào đó có cái ghẻ và bị nhiễm, tuy nhiên, cách này không phải phổ biến. 

Bệnh ghẻ có thể gây thành dịch lớn. Khoảng giữa năm 1975, Việt Nam có một trận dịch ghẻ lớn, 

xảy ra ở nhiều tỉnh thành. Có tác giả cho rằng dịch ghẻ có chu kỳ 30 năm, nhưng thực tế sau trận dịch 

năm 1975 cho đến nay (2016) không có trận dịch nào xảy ra ở Việt Nam được ghi nhận. 

Người là ký chủ duy nhất của cái ghẻ Sarcoptes scabiei var hominis, không có tàng chủ, không có 

vec tơ truyền bệnh. Các cái ghẻ của thú có thể gây nhiễm cho người do tiếp xúc, nhưng các loài này 

không đào đường hầm ngoằn ngoèo mà xâm nhập sâu dưới lớp sừng và không thể sinh sản trong cơ 

thể người, thường sẽ chết sau vài ngày (Mummcuo Y và Rufli 1979). 

SINH HỌC 

Tất cả các giai đoạn ấu trùng, nhộng, con trưởng thành của cái ghẻ có khả năng đào hầm trong da, 

nhất là con cái đã thụ tinh, đào những đường hầm đặc trưng từ 2-3mm mỗi ngày. Đường hầm được đào 

dưới lớp biểu bì, nằm giữa lớp sừng và lớp hạt (granulosum), không bao giờ dưới lớp sừng. Đường 

hầm thưởng có hình ngoằn ngoèo màu đỏ hồng ở trên mặt da. Con cái vừa đào hầm vừa đẻ trứng, đẻ 

mỗi ngày 3-5 trứng. Trứng nở ra ấu trùng khoảng 3-7 ngày sau, ấu trùng chỉ có 6 chân.  Sau 3-6 ngày, 

ấu trùng lột xác cho ra nhộng có 4 cặp chân. Ấu trùng và nhộng có thể tìm thấy trong một hầm nhỏ gọi 

là túi lột xác hoặc ở trong lỗ chân lông. Nhộng lột xác một lần để thành con đực và lột xác hai lần để 

thành con cái. Sự giao hợp xảy ra khi con đực tìm thấy và xâm nhập trong túi lột xác của con cái. Con 
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cái chỉ giao hợp một lần và tích giữ tinh trùng để thu tinh trứng cho cả đời. Sau khi thụ tinh, con cái rời 

khỏi túi lột xác và tìm trên mặt da nơi phù hợp để đào hầm. Con cái sống suốt đời trong đường hầm và 

có thể sống hơn 1 tháng. Cái ghẻ lây lan qua người bằng sự truyền cái ghẻ cái đã thụ tinh qua sự tiếp 

xúc giữa người với người, da qua da. Các nghiên cứu cho thấy cái ghẻ có thể sống ngoài cơ thể ký chủ 

từ 24-36 giờ và có thể xâm nhập trở lại qua da ký chủ trong khoảng 30 phút. Điều này chứng minh sự 

lây truyền gián tiếp qua vật dụng, quần áo … là có thể xảy ra. 

 

Chu trinh phát triển của Sarcoptes 

scabiei và các vị trí sang thương ghẻ 

(Nguồn: CDC) 

 

BIỂU HIỆN LÂM SÀNG 

Bệnh ghẻ thường: Triệu chứng đầu tiên xảy ra vài ngày hay vài tuần sau khi bị lây nhiễm. Ba dấu 

hiệu lâm sàng đặc trưng của bệnh cái ghẻ là: 

• Ngứa thường về đêm, có tính gia đình, tập thể. Ngứa có thể ở khắp nơi trên cơ thể trừ đầu, cổ 

và mặt. Thường ngứa nhiều, gãi làm nhiễm trùng phụ. 

• Những đường hầm đặc trưng hơi gồ, dài 3-15mm, thường ở ngón tay, cổ tay, chân trẻ sơ sinh. 

• Mụn nước trong, hơi lồi, thường ở các kẽ ngón tay. 
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Các vị trí đặc biệt của tổn thương là một sự gợi ý rất rõ cho bệnh ghẻ: kẽ ngón tay, nếp gấp ở mặt 

trong của cổ tay, cánh tay, phía trước nách, thắt lưng, vú, mông, dương vật (có thể thấy tổn thương sẩn 

vảy papulo-crôutuese; “săng giả do ghẻ” pseudo-chancre scabieux).  

Trẻ sơ sinh và trẻ nhỏ có thể có sang thương khắp thân, đặc biệt khác với người lớn, sang thương 

ghẻ có thể có ở mặt, đầu, cổ, lòng bàn tay, lòng bàn chân. 

Biến chứng viêm cầu thận do ghẻ cũng đã được báo cáo trong y văn (Moulin và ctv 1977; 

Chouvet và ctv 1979). 

Bệnh ghẻ sừng hay ghẻ Na Uy được xem như là bệnh cơ hội gây nên do Sarcoptes scabiei. Bệnh 

thường xảy ra trên những người già, người bị suy giảm miễn dịch, bệnh nhân HIV/AIDS hoặc những 

người sống trong cơ sở từ thiện, tập thể. Bệnh có biểu hiện ngoài da là giống như những mụn cóc, lớp 

sừng dày trên da có thể thấy ở khắp thân. Sang thương thường thấy ở lòng bàn tay, lòng bàn chân, vai, 

lưng, đùi, cùi chỏ, đầu gối. Móng tay thường dày và biến màu.  

Bệnh ghẻ sừng bị nhiều cái ghẻ ký sinh, có thể đến hàng triệu con nhưng khác với bệnh ghẻ 

thường, bệnh ghẻ sừng không ngứa hoặc ngứa ít.  

Phân biệt bệnh ghẻ thường và bệnh ghẻ sừng 

 Bệnh ghẻ thường Bệnh ghẻ sừng 

Tác nhân gây bệnh Sarcoptes scabiei var. hominis Sarcoptes scabiei var. hominis 

Cơ thể mắc bệnh Người khỏe mạnh, bình thường Người già, suy giảm miễn dịch, 

người bệnh HIV/AIDS 

Thời gian ủ bệnh Chậm, khoảng 4-6 tuần Nhanh, tối đa 2 tuần 

Số lượng cái ghẻ trên bệnh 

nhân 

Ít hơn 20 Có thể đến hàng triệu con 

Sang thương Mụn nước, đường hầm ngoăn 

ngoèo hồng đỏ, nổi trên da 

Mảng dày sừng, mụn cóc 

Vị trí sang thương Kẽ ngón tay, nếp gấp cổ tay, 

cánh tay, phía trước nách, thắt 

Khắp thân, lòng bàn tay, lòng 

bàn chân, vai, lưng, đùi, cùi 
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lưng, vú, mông, dương vật chỏ, đầu gối 

Triệu chứng Ngứa nhiều, thường ban đêm Không ngứa hoặc ngứa ít 

Điều trị Dùng thuốc thoa ngoài da Dùng thuốc uống 

 

Chẩn đoán lâm sàng 

Chẩn đoán bệnh ghẻ trên lâm sàng thường không khó vì các vị trí sang thương điển hình, do đó, ít 

khi can thiệp bằng xét nghiệm. Tuy nhiên, cũng không loại trừ những người bệnh thường lầm lẫn giữa 

triệu chứng ngứa do cái ghẻ và ngứa do nhiều bệnh khác như chàm, rối loạn về gan, dị ứng… ngoài ra 

người dân cũng lầm lẫn chữ “ghẻ” trong dân gian bao gồm tất cả các tổn thương trên da có gây ngứa 

và nhiễm trùng như làm mủ như chốc, nhiễm trùng da, vết trầy, loét, nhiễm trùng do gãi sau khi bị côn 

trùng chích, cắn v.v… Trong những trường hợp này, người bệnh thường không đồng ý rằng họ bị bệnh 

ghẻ và thường không hợp tác với thầy thuốc trong điều trị cũng như phòng ngừa, người thầy thuốc cần 

phải khéo léo, tế nhị giải thích, chứng minh, nếu cần phải làm xét nghiệm để cho người bệnh hiểu rõ 

thì điều trị mới có hiệu quả. 

Xét nghiệm:  

- Cạo da nơi có đường hầm, ở kẽ ngón tay, mặt trong nếp gấp cổ tay là tốt nhất để thu thập cái ghẻ 

cái.  

- Dùng mũi kim hay mũi nhọn dao mổ bắt cái ghẻ ở cuối đường hầm. 

- Dán băng keo trong lên sang thương ghẻ không phải là phương pháp thu thập cái ghẻ có hiệu quả. 

- Quan sát cái ghẻ trên kính hiển vỉ với một giọt glycerin sẽ giúp nhìn thấy cái ghẻ rõ hơn, có thể 

quan sát với KOH 10-20%. 

 

ĐIỀU TRỊ 

 Điều trị bệnh ghẻ phải làm song song hai việc: điều tri người bệnh và cả người trong nhà, tập thể 

cùng mắc bệnh; trước khi điều trị 3 ngày cần tổng vệ sinh quần, áo, chăn, mền, chiếu …  

 Điều trị phải kiên trì cho đến khi chắc chắn đã hết bệnh. 
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 Thuốc điều trị: Kem Permethrin 5%, dung dịch thoa Crotamiton 10% và kem Crotamiton 10%. 

Ivermectin dùng uống.  

 

PHÒNG NGỪA 

 Cái ghẻ lây truyền trực tiếp qua tiêp xúc và gián tiếp qua vật dụng, quần áo, do đó để phòng ngừa 

bệnh cần tránh quan hệ tình dục, tránh tiếp xúc cọ xát trực tiếp với người bệnh hoặc sử dụng chung 

quần, áo, vật dụng, ngủ chung giường, dùng chung khăn tắm v.v…với người bệnh.  Quần áo, vật dụng, 

chăn, chiếu, khăn của người bệnh và người nhà hoặc người chung phòng phải được giặt với nước nóng 

trên 70oC, hoặc giặt bằng hơi nóng, lật mặt trái phơi nắng. Dùng bàn ủi (bàn là) ủi mặt trong của quần 

áo và ủi các loại vật dụng bằng vải nếu được. Quần áo hoặc các vật dụng không thể giặt với nước 

nóng, có thể cho vào trong túi nhựa, cột chặt và để khoảng một tuần vì cái ghẻ không thể sống ngoài 

cơ thể ký chú quá 3 ngày.  Người bệnh chỉ nên mặc lại quần, áo đã được tiệt trùng. 

 Thường xuyên vê sinh thân thể, nhất là khi nghi ngờ bị lây cái ghẻ, phải tắm với xà phòng thật kỹ 

và nên thoa thuốc chống ghẻ. 

 Trường hợp người bệnh ghẻ sừng và những người sống chung, tiếp xúc gần gũi, phải điều trị 

nhanh chóng, tích cực để tránh bùng thành dịch. Dịch ở những nơi tập thể khó kiểm soát nên cần phải 

nhanh chóng, tích cực và duy trì chống dịch. 
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A diverticulum is a sac or pouch arising from a tubular organ, such as the 

esophagus. This review focuses on diverticula of the esophagus. In practice, the Zenker 

diverticulum, a type of diverticulum that arises from the posterior hypopharynx, is the 

most frequent.  

Esophageal diverticula are classified by location in the esophagus. Upper 

(pharyngoesophageal, Killian-Jamieson, or Zenker), middle, or lower (epiphrenic). 

Besides anatomical location, several other ways to classify diverticula of the esophagus 

and hypopharynx exist. Congenital diverticula are diverticula that are present at birth, 

while acquired diverticula develop later in life. Diverticula of the esophageal body can 

sometimes be difficult to classify as congenital or acquired.[1] 

Diverticula also may be classified on the basis of histopathology. True diverticula 

contain all layers of the intestinal tract wall. False diverticula, also known as 

pseudodiverticula, occur when herniation of mucosa and submucosa through a defect in 

the muscular wall occurs (eg, Zenker diverticulum). 

Finally, acquired diverticula of the esophagus and hypopharynx also may be 

classified according to their pathogenesis as pulsion diverticula or traction diverticula. 

Pulsion diverticula form as a result of high intraluminal pressures against weaknesses in 

the GI tract wall. Zenker diverticulum occurs due to increased pressure in the oropharynx 

during swallowing against a closed upper esophageal sphincter. An epiphrenic 

diverticulum occurs from increased pressure during esophageal propulsive contractions 

against a closed lower esophageal sphincter.[2] In contrast, traction diverticula occur as a 

consequence of pulling forces on the outside of the esophagus from an adjacent 

inflammatory process (eg, involvement of inflamed mediastinal lymph nodes in 
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tuberculosis or histoplasmosis). 

Most esophageal diverticula occur in middle-aged adults and elderly people. 

Presentation in infants and children is rarely seen. 

Zenker diverticula typically present in people older than 50 years and especially 

present during the seventh and eighth decades of life. 

Zenker diverticula 

Zenker diverticula are an acquired pulsion-type of diverticula that probably 

develop because of the aging process. They form in the posterior hypopharynx at a point 

where a defect in the muscular wall, between the inferior pharyngeal constrictor muscle 

and the cricopharyngeal sphincter (Killian triangle), usually exists. 

 

Zenker diverticula are believed to occur because of an outflow obstruction caused 

when loss of coordination of the buccal squirt (ie, swallowing movement of the tongue 

posteriorly with contraction of the oropharyngeal muscles) and opening of the 

cricopharyngeus (ie, the upper esophageal sphincter) occurs. The noncompliant 

cricopharyngeus muscle becomes fibrotic over time. 

Killian-Jamieson diverticula originate in the anterolateral wall just below the 

cricopharyngeus (Killian-Jamieson space).[3] 
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Oropharyngeal dysphagia, usually to solids and to liquids, is the most common 

symptom. Retention of food material and secretions in the diverticulum, particularly 

when diverticula are large, can result in regurgitation of undigested food, halitosis, cough, 

and even aspiration pneumonia. The patient may note food on the pillow upon awakening 

in the morning. With very large diverticula, a mass in the neck occasionally can be 

detected. Cancer rarely has been reported in association with Zenker diverticula. 

Diverticula of the body and the distal esophagus are very rare with varied 

etiology 

Findings on physical examination often are normal in patients with symptomatic 

esophageal diverticula. However, many patients relate a history of dysphagia, chest pain, 

or regurgitation. 
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Although the physical examination findings are often normal, a large Zenker 

diverticulum may present as a neck mass on physical examination. Halitosis also may be 

present and is secondary to accumulated food debris or medicines within the 

diverticulum. 

Signs and symptoms of aspiration pneumonia may accompany the presence of 

large symptomatic diverticula. 
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Pulmonary embolism (PE) is a common and lethal condition causing mostly from 

thrombi in iliac and femeral veines. Most patients who succumb to pulmonary embolism 

do so within the first few hours of the event. Despite diagnostic advances, delays in 

pulmonary embolism diagnosis are common and represent an important issue (1) As a 

cause of sudden death, massive pulmonary embolism is second only to sudden cardiac 

death in US. In patients who survive a pulmonary embolism, recurrent embolism and 

death can be prevented with prompt diagnosis and therapy. Unfortunately, the diagnosis 

is often missed because patients with pulmonary embolism present with nonspecific signs 

and symptoms. If left untreated, approximately one third of patients who survive an 

initial pulmonary embolism die from a subsequent embolic episode. After 2 years 

suffered from PE, 3.8% of the patients develop chronic thromboembolic pulmonary 

arterial hypertension (CTEPH) (2). 

95% pulmonary emboli arise from thrombi originating iliac and femeral veines 

(3); however, they may rarely originate in the pelvic, renal, or upper extremity veins or 

the right heart chambers. After traveling to the lung, large thrombi can lodge at the 

bifurcation of the main pulmonary artery or the lobar branches and cause hemodynamic 

compromise. Smaller thrombi typically travel more distally, occluding smaller vessels in 

the lung periphery. These are more likely to produce pleuritic chest pain by initiating an 

inflammatory response adjacent to the parietal pleura. Most pulmonary emboli are 

multiple, and the lower lobes are involved more commonly than the upper lobes. 

When a PE is identified, it is characterized as acute or chronic. In terms of 

pathologic diagnosis, an embolus is acute if it is situated centrally within the vascular 

lumen or if it occludes a vessel (vessel cutoff sign) (see the first image below). Acute 
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pulmonary embolism commonly causes distention of the involved vessel. An embolus is 

chronic if it is eccentric and contiguous with the vessel wall, it reduces the arterial 

diameter by more than 50%, evidence of recanalization within the thrombus is present, 

and an arterial web is present, finally becomes CTEPH 

A PE is also characterized as central or peripheral, depending on the location or 

the arterial branch involved. Central vascular zones include the main pulmonary artery, 

the left and right main pulmonary arteries, the anterior trunk, the right and left interlobar 

arteries, the left upper lobe trunk, the right middle lobe artery, and the right and left lower 

lobe arteries. A pulmonary embolus is characterized as massive when it involves both 

pulmonary arteries or when it results in hemodynamic compromise. Peripheral vascular 

zones include the segmental and subsegmental arteries of the right upper lobe, the right 

middle lobe, the right lower lobe, the left upper lobe, the lingula, and the left lower lobe.  

The risk factors for forming veinous thrombi are one of the most important points 

to suspect patients having PE. They include heritable (dificiencies of antithrombin, 

plasminogen, protein C, S, factor V leiden,…) acquired (reduced mobility/immobility, 

cast, advanced age, acute medical illness, trauma, major surgeries, oral 

contraceptives/HRP, obesity, central venous catheterization,…) and  protable (elevated 

levels of homosystin, factors VIII, IX, XI, fibrinogen,…) factors (4,5) 

The variability of presentation sets the patient and clinician up for potentially 

missing the diagnosis. The challenge is that the "classic" presentation with abrupt onset 

of pleuritic chest pain, shortness of breath, and hypoxia is rarely seen. Studies of patients 

who died unexpectedly of pulmonary embolism revealed that the patients had complained 
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of nagging symptoms, often for weeks, before dying. Forty percent of these patients had 

been seen by a physician in the weeks prior to their death (6) 

The most important conceptual advance regarding PE over the last several 

decades has been the realization that pulmonary embolism is not a disease; rather, 

pulmonary embolism is a complication of venous thromboembolism, most commonly 

deep venous thrombosis (DVT). Virtually every physician who is involved in patient care 

encounters patients who are at risk for venous thromboembolism, and therefore at risk for 

PE 

Physical examination findings are quite variable in PE and, for convenience, may 

be grouped into 4 categories as follows: massive PE, acute pulmonary infarction, acute 

embolism  without infarction, multiple PE or thrombi  

The presentation of pulmonary embolism may vary from sudden catastrophic 

hemodynamic collapse to gradually progressive dyspnea. (Prior poor cardiopulmonary 

status of the patient is an important factor leading to hemodynamic collapse.) Most 

patients with PE have no obvious symptoms at presentation. In contrast, patients with 

symptomatic DVT commonly have PE confirmed on diagnostic studies in the absence of 

pulmonary symptoms. Four common symtoms of PE are dyspnea (73%), pleuritic chest 

pain (66%), cough (37%), hemoptysis (13%) (7). 

Clinical signs and symptoms for PE are nonspecific; therefore, patients suspected 

of having PE because of unexplained dyspnea, tachypnea, or chest pain or the presence of 

risk factors for PE must undergo diagnostic tests until the diagnosis is ascertained or 

eliminated or an alternative diagnosis is confirmed. Further, routine laboratory findings 

are nonspecific and are not helpful in PE, although they may suggest another diagnosis. 
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Ventilation/Perfusion (V/Q) scan is the most sensitive modality for screening PE and 

CTEPH. Pulmonary angiography historically was the criterion standard for the diagnosis 

of PE, but with the improved sensitivity and specificity of CT angiography, it is now 

rarely performed. In the case, without V/Q scan, CT angiography  with multidetetor can 

use instead of it, but can not rule out PE or CTEPH completely. 

Therapy: All patients with PE require rapid risk stratification. Thrombolytic 

therapy should be used in patients with acute PE associated with hypotension (systolic 

BP<90 mm HG) who do not have a high bleeding risk (8). Do not delay thrombolysis in 

this population because irreversible cardiogenic shock can develop. Thrombolytic therapy 

is suggested in select patients with acute PE not associated with hypotension and with a 

low bleeding risk whose initial clinical presentation or clinical course after starting 

anticoagulation suggests a high risk of developing hypotension. In patients with acute PE, 

immediate full anticoagulation is mandatory for all patients suspected to have DVT or 

PE, anticoagulation with IV UFH, LMWH, or fondaparinux is preferred over no 

anticoagulation (8). Most patients with acute PE should receive LMWH or fondaparinux 

instead of IV UFH. In patients with PE, if concerns regarding subcutaneous absorption 

arise, severe renal failure exists, or if thrombolytic therapy is being considered, IV UFH 

is the recommended form of initial anticoagulation (8). Diagnostic investigations should 

not delay empirical anticoagulant therapy. Long-term anticoagulation is critical to the 

prevention of recurrence of DVT or PE. The general consensus is that a significant 

reduction in recurrence is associated with 3-6 months of anticoagulation 

Prognosis: As a cause of sudden death, massive PE is second only to sudden 

cardiac death. Massive PE is defined as presenting with a systolic arterial pressure less 
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than 90 mm Hg. The mortality for patients with massive PE is between 30% and 60%, 

depending on the study cited (9,10,11). Autopsy studies of patients who died 

unexpectedly in a hospital setting have shown approximately 80% of these patients died 

from massive PE. The majority of deaths from massive PE occur in the first 1-2 hours of 

care, so it is important for the initial treating physician to have a systemized, aggressive 

evaluation and treatment plan for patients presenting with pulmonary embolism. 

  Nonmassive PE is defined as having a systolic arterial pressure greater than or 

equal to 90 mm Hg. This is the more common presentation for PE and accounts for 95.5-

96% of the patients 8 (10,12).  

Hemodynamically stabile PE has a much lower mortality rate because of 

treatment with anticoagulant therapy. In nonmassive PE, the death rate is less than 5% in 

the first 3-6 months of anticoagulant treatment. The rate of recurrent thromboembolism is 

less than 5% during this time. However, recurrent thromboembolism reaches 30% after 

10 years (13).  
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Abstract 

Blastocyst implantation requires the best communication between the mother’s 

uterus and a competent embryo. Even before the embryo enter the uterus, the endometrial 

tissue undergoes the process of decidualization to support the anchoring of the blastocyst 

and provides the blastocyst with nutrition until the fully functional placenta is formed. In 

this review, I summarize all the molecular and morphological events necessary for the 

decidualization in mice and human. 

Reviews 

 Decidualization in mice is first initiated in the antimesometrial chamber where the 

blastocyst implants. The decidual process is characterized by fibroblast-like stromal cell 

proliferation then differentiation into specialized polyploid decidual cells. At the 

beginning of decidualization, only the stromal cells surrounding the implanting blastocyst 

proliferate and differentiate [1-3]. In mice, the stromal cells close to the implanting 

blastocyst cease to proliferate and differentiate; initiating primary decidual zone (PDZ) 

formation beginning on Day 4.5, and this PDZ is fully established by Day 5.5. This PDZ 

contains a high level of intercellular tight, gap, and adherent junctions and is avascular, 

thus, it provides a permeability barrier to extracellular macromolecules and cells and is 

believed to help protect the developing conceptus [4, 5]. The stromal cells outside the 

PDZ continue to proliferate, forming the secondary decidual zone (SDZ) [6, 7]. When 

decidualization continues toward the myometrium in the antimesometrial region forming 

the secondary decidual zone and in the mesometrial region forming the mesometrial 

decidua, the PDZ disappears. By Day 7.5, the conceptus is surrounded by cells of the 

antimesometrial and mesometrial decidual tissues that are highly vascular. At this time, 
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no permeability barrier exists, and maternal cells plus macromolecules may come into 

contact with cells of the conceptus. Therefore, the PDZ provides only a transient 

permeability barrier between the mother and conceptus [8]. 

Under normal condition, the decidual stimulus is a blastocyst. However, a similar 

process (deciduoma) can be experimentally induced in the pseudopregnant or hormonally 

prepared ovariectomized rodent by uterus intraluminal infusion of various agents like oil 

[1, 7]. In human, decidual reaction can happen in the late secretary phase of the menstrual 

cycle and terminate in menstruation if pregnancy does not happen. Thus, in human, 

decidualization begins without an “implantation stimulus”.    

Decidual tissues provide the nutritious environment for developing embryo before 

the establishment of the functional placenta. As mentioned above, the differentiation of 

uterus to support implantation is primary directed by progesterone [9, 10]. There is 

evidence that progesterone is important for enhancing and maintaining the decidual 

phenotype. It acts as a platform to integrate a numerous transcription factors which are 

largely unknown [11]. The following discussion will be dedicated to present the 

morphological and biological characteristics of the decidual endometrial stromal cells 

(ESCs) then focus on the signal and transcription factor networks that govern this 

differentiation process. 

Morphological differentiation: Endometrial stromal cells are differentiated 

mesenchymal cells which have an elongated fibroblastic appearance in the proliferative 

phase of the menstrual cycle. Decidualization of the ESCs initiates in the cells that 

surround the terminal portion of the spiral arteries of the superficial endometrial layer 

during the mid-secretory phase. If menstruation occurs, decidualization does not go 
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beyond this. In mouse, the presence of the blastocyst or a physical implantation stimulus 

and endometrial epithelia are both essential for ESC decidualization to begin [12]. It is 

important that the onset of decidualization heralds the end of the limited period of uterine 

receptivity (Day 6.5 to Day 9.5 after ovulation in man). Ultrastructurally, in human the 

decidual cells are characterized by cell enlargement, rounding of the nucleus, with an 

increase in the number and complexity of nucleoli, expansion of the secretary apparatus 

with dilation of the rough endoplasmic reticulum, as well as cytoplasmic accumulation of 

glycogen and lipid droplets [13]. In vitro, the decidual phenotype can be acquired by 

culture the undifferentiated cells with ovarian hormones with cAMP or PGE2 [14], 

making it available in vitro model to study decidualization.  

Biochemical characteristics: In human, major secretary product of decidual cells, 

such as prolactin (PRL) and insulin-like growth factor binding protein 1 (IGFBP1), have 

traditionally been used as markers of decidualization. Decidual prolactin is a member of 

the growth hormone/ placental lactogen/ prolactin family. Prolactin sequence of decidual 

prolactin cDNA is identical to pituitary prolactin sequence, but its expression is 

controlled by an alternative promoter [15]. Decidual PRL, as well as IGFBP1, seems to 

be important for fetal growth and development [16]. Other putative roles of decidual 

prolactin include an osmoregulatory function in the amniotic fluid, regulation of 

pulmonary surfactant synthesis in the fetus and maintenance of T-cell immuno-

competence [16]. Recently, microarray-based genome-wide expression profiling has 

identified hundreds of genes that are either up or down-regulated during menstrual cycle 

in human [17-19]. These studies confirmed that the decidual process involves in 

sequential reprogramming of functionally related families of genes involved in cell 
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extracellular organization, cell adhesion, cytoskeleton organization, metabolism, signal 

transduction, differentiation and apoptosis. Upon biochemical reprogramming, the 

decidual cells may acquire new functions that govern the trophoblast invasion and 

placental formation. For example, decidual stromal cells surrounding the spiral arteries 

express tissue factor (TF- an initiator of the extrinsic coagulation pathway) and 

plasminogen activator inhibitor 1 (PAI1-a fibrinolysis inhibitor) indicating that they play 

an important role in maintaining the vascular stability prior to menstruation and during 

endovascular trophoblast invasion [20]. Differentiating ESCs secrete a variety factors 

such as interleukin (IL)-11, IL-6 and PRL, which are thought to provide chemotactic, 

proliferative and differentiating signal for uNK cells [21, 22]. However, decidual cells 

also expresses the tryptophan-catabolizing enzyme indoleamine 2,3-dioxygenase (IDO), 

tumor necrosis factor (TNF)-related apoptosis (TRAIL) and Fas ligand (FasL) which are 

implicated in suppression of T cell response to fetal alloantigens [23, 24].  Remodeling of 

the extracellular matrix (such as Laminin B1-LAMB1, tissue metalloproteinase inhibitory 

3-TIMP3, collagen type IV-CLIV) and growth factors (Such as transforming growth 

factor beta-TGFβ) and binding proteins (such as IGFBP1) are thought to critically 

regulate trophoblast invasion and differentiation [25, 26].  In mouse, the equivalent 

decidual makers are alkaline phosphatase (Akp2),  prolactin family 8-subfamily a- 

member 2 (Prl8a2), and Runx1 [27-30]. 

Matrix remodeling and angiogenesis during decidualization: Endometrial tissue 

remodeling and angiogenesis are two hallmarks in implantation and decidualization. 

Hormonal milieu during the reproductive cycle and pregnancy results in extensive 

remodeling in the uterine tissue [31]. Various basement membrane components, such as 
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type IV collagen, laminin, fibronectin, and proteoglycans, in the human uterus undergo 

changes throughout menstrual cycle and pregnancy [31]. Likewise, extracellular matrix 

(ECM) components undergo remodeling during decidualization in mouse [32]. Matrix 

metalloproteinases (MMP) and tissue inhibitors of MMP (TIMP) are thought to be the 

major players for matrix remodeling in implantation and decidualization [31-33]. 

Although the mechanism regulating the expression of MMPs and TIMPs is not clear, 

there is evidence that the balance between a select set of MMPs and TIMPs is important 

for implantation.  

Angiogenesis is the process by which new blood vessels develop from pre-

existing vessels. This process is happened under normal physiological condition in the 

uterus and ovary of the adult during the menstrual cycle and pregnancy [34]. The 

increased vascular permeability and angiogenesis are critical for a successful 

implantation and decidualization. There is a number of studies reported indirect evidence 

of the potential roles of estrogen and progesterone in angiogenesis in various species [34-

37]. The vascular endothelial growth factors (VEGFs) and its receptors (VEGFR1, 

VEGFR2) are known to regulate vascular permeability and angiogenesis [38, 39]. VEGF, 

originally discovered as a vascular permeability factor, is also a potent endothelial 

mitogen and a key regulator for vascular genesis and angiogenesis [38, 39]. Targeted 

disruption a single VEGF allele resulted in abnormal blood vessel development and 

embryo lethality in mice [40, 41]. In mouse, the expression of VEGF and its receptor as a 

whole are regulated by steroid hormone. For example, estrogen induced the vascular 

permeability and Vegf expression during pregnancy [38]. Further investigation reported 

that estrogen regulate Vegf transcriptionally via ER receptor, and the Vegf gene contains 



7 

 

 

 

estrogen consensus element EREs [42]. Progesterone also up-regulates Vegf expression 

but with a slower rate compared to estrogen [42]. Because estrogen rapidly induces the 

vascular permeability and Vegf expression, and because vascular permeability is pre-

requisite for angiogenesis, people believed that estrogen is a potent stimulator of uterine 

angiogenesis during normal reproduction process in vivo. However, recent evidence 

showed that estrogen promotes vascular permeability and profoundly inhibits 

angiogenesis whereas progesterone stimulates angiogenesis with little effect of uterine 

permeability. These effects of E2 and P4 in uterus are mediated by differential 

spatiotemporal expression of pro-angiogenic factors [43]           

Cell cycle regulation in decidualization: The mechanism by which the cell cycle 

events are governed in decidualization is poorly understood. The cell cycle is tightly 

regulated at two checkpoints at the G1-S and G2-M phases. Normal operation of these 

phases involves a complex interplay of cyclins, cyclin-dependent kinases (cdks) as well 

as cyclin-dependent kinase inhibitors (CKIs) [44]. In the human uterus, various cyclins 

(A, B1, D1, and E), cyclin-dependent kinases (cdk1, cdk2, cdk4) and CKI (p27) are 

regulated during normal menstrual cycle or hormone treatment [45, 46]. Those molecules 

primarily express in the epithelia and stromal cell in the uterus during the proliferative 

phase suggest their roles in rhythmic proliferation of these cells [46]. On the other hand, 

during the secretary phase or after progesterone administration, p27 expression correlates 

with progesterone induced growth suppression in endometrial gland and stromal basalis 

[47]. In rodents, the expression of D and E cyclins is regulated by estrogen and/or 

progesterone in a temporal manner [48-50]. Progesterone-dependent growth suppression 

in the uterus is considered to be mediated by decreased cdks activity via decreased levels 
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of cyclins and increased association of cdks with CKI [51]. It is reported that 

progesterone inhibition of uterine epithelial proliferation is mediated by the inhibition of 

nuclear translocation of cyclin D1 and the association of cdk4 with cyclins A and D- 

dependent cdk2 activity [52]. In mice, the expression of cyclin D3 is up-regulated at the 

stromal cell at implantation site and is associated with cell proliferation [53-55]. 

Furthermore, the expression of cyclin D3 is associated with the polyploidy cells that are 

defined as terminally differentiated stroma. The significance of polyploid stromal cells is 

still not clear but it is believed that the life span of decidual cells is limited during 

pregnancy and that makes room for growing embryo. In addition, one of many uterine 

functions is to support embryo growth which requires increased protein synthesis from 

decidual cells. The tight coordination of the cell cycle molecules appears to be critical for 

uterine cell proliferation and decidualization.         

Role of prostaglandins in decidual induction: In rodent, convincing evidence 

indicated that that the mediators for the decidualization are prostaglandins (PGs) and 

platelet aggregating factor (PAF). In rats, decidualization can be blocked or its onset can 

be delayed by inhibiting prostaglandin E2 (PGE2) production [56]. PTGS1 and PTGS2 

enzyme mediate PG synthesis and were found in endometrial during embryo implantation 

in rats [57]. This prostaglandin synthase is present initially in epithelial cells and then in 

sub epithelial stromal cells [57]. PTGS1 is a constitutive form and PTGS2 is an induced 

form. Decidual stimulus rapidly induces the expression of PTGS2 but not PTGS1 gene, 

and null mutation of Ptgs2 gene prevents decidualization [58]. Further study reported that 

PGI2, acting through PPARβ is the prostanoid that regulates decidualization in Ptgs2-

knockout mice [59].  In addition, inhibition of PTGS2 or null mutation of the PTGS2 
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enzyme impaired implantation [60]. Further studies in which wild-type blastocysts were 

transferred into Ptgs2-deficent uterus indicated delayed decidualization, without 

substantial effect on implantation , suggesting that PTGS1 may function backup of 

PTGS2 [61]. Support for this view come from studies in which Ptgs1 and Ptgs2 mutant 

mice were treated with the inhibitors of alternative isoforms, resulting in the complete 

abrogation of implantation and decidual response [62].   

cAMP signaling pathway: Although the postovulatory rise of progesterone 

control the differentiation of endometrial stromal cell,  the first decidual transformation is 

only apparent at the mid-secretory phase of menstrual cycle indicating that the expression 

of the decidual specific genes is unlikely under direct control of progesterone receptor 

(PGR). Overwhelming evidence indicated that the initiation of the decidual process is 

dependent upon the increased cellular cAMP and sustained activation of the PKA 

pathway [11]. ESCs cultured with P4 alone or combination of E2 and P4 for 6-8 days will 

trigger the expression of decidual makers, this response is mediated by a gradual increase 

in intracellular cAMP and abrogated in the presence of PKA inhibitor [63]. During 

secretary phase, local factors like PGE2, relaxin and corticotrophin releasing hormone are 

capable of increasing cAMP level in endometrial stromal cells. Previous studies also 

reported the expression of these ligands and their respective receptors in the endometrium 

[64-66]. Furthermore, the ability of these local factors alone or combination with 

progestin to initiate decidual reaction has been demonstrated [11].     

Transcription factors immediately downstream of cAMP signaling: in PKA 

pathway, binding of cAMP to two regulatory subunits leads to release and activation of 

the two catalytic subunits of the holoenzyme. The catalytic subunits then phosphorylate 
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cytoplasmic or nuclear target molecule. Among the major nuclear targets are the cAMP 

response elements binding protein (CREB) and the related cAMP response element 

modulator (CREM) [67]. CREB and CREM after PKA phosphorynlation will bind to 

their cognate DNA sequence (cAMP response element) in cAMP regulated genes and 

activate transcription [68]. Notably, Hand2 contains a conserved CREB binding site in its 

proximal promoter [69], it indicates that Hand2 may be regulated by cAMP.  

Subsidiary transcription factors: Amongst many transcripts that are regulated in 

decidual process, relatively few encode transcription factors. Most of the transcription 

factors implicated in the regulation of decidualization have been identified by promoter 

analyses of decidual marker genes such as  PRL and IGFBP1[70]. The most 

comprehensively studied transcription factor in decidualization is the forkhead 

transcription factor FOXO1A. FOXO1A is a direct downstream target of PI3K signaling 

pathway which is stimulated by a number of growth factors and insulin like growth 

factors [71]. FOXO1A is markedly up-regulated upon decidualization and involved in 

regulating the decidual markers like PRL an IGFBP1 [72-74]. However, FOXO1A is not 

expressed in mouse decidual tissue preventing further study in rodents. Previous studies 

reported a number of transcription factors besides FOXO1A, such as HOXA10, 

HOXA11, ETS1, in regulating the decidual process [70, 72, 73]. However, the detail 

mechanism and the interaction of these signaling pathways are not known.  

1.3. Basic helix-loop-helix transcription factors  

 The transcription of gene in eukaryote cells is regulated by enzymes and the 

interaction of transcription factors on specific regions of target gene. These DNA-binding 

transcription factors are classified into a number of groups, each defined by shared 
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sequence, and presumably structure, motif. One of such a motif is the helix-loop-helix 

(HLH), which was first identified in an immunoglobulin enhancer-binding polypeptide 

[75]. The basic helix-loop-helix family of proteins is composed of two classes (A and B) 

of transcription factors important in variety of biological processes, including cell growth 

and differentiation [76]. Class A bHLH transcription factors are also referred as E-

proteins which are ubiquitously expressed in variety of cell types and function by 

forming homo- and heterodimers with other bHLH transcription factors [77]. Class B 

bHLH transcription factors are expressed in a tissue-specific manner and mostly 

contribute to cell differentiation and tissue specific. Class B proteins generally function 

as heterodimers with E-proteins and bind to the palindromic DNA sequence CANNTG 

(E-box motif) to regulate expression of their target genes [77, 78].  

 Expression of HLH proteins are carefully regulated in the development of many 

tissues. For example, the expression of 2 bHLH transcription factors, HAND1 and 

HAND2 are critical for vertebrate heart development [79-81]. These two highly 

conserved transcription factors are the first genes expressed in developing ventricular 

chambers [82, 83]. Mice lacking Hand2 resulted in embryo death due to cardiac defect 

[81]. Although the role of bHLH transcription factors in organogenesis is 

uncontroversial, how they are regulated in the adult tissue is little known. Previously, 

Bany and Cross showed that Hand2 is expressed in the uterine decidual tissue [28]. 

Recently, there is evidence that Hand2 is critical for uterine receptivity [84]. However, 

the detail function of Hand2 in the uterine receptivity and in regulating decidual reaction 

is not clear. The further study to investigate the expression of HAND2 in mouse 
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implantation as well as the control factors of HAND2 gene in human cell culture will 

shed light on the roles of HAND2 in implantation and decidualization. 
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