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	Project Summary
Describe in concise terms, the hypothesis, objectives, and the relevant background of the project. Also describe concisely the experimental design and research methods for achieving the objectives. This description will serve as a succinct and precise and accurate description of the proposed research is required. This summary must be understandable and interpretable when removed from the main application. 


	Principal Investigator(s): Mohammad Bakhtiar Hossain


	Research Protocol Title: A novel bio-marker of zinc status: intestinal mRNA levels of zinc transporter genes, and changes in their expression levels in response to zinc supplementation.

	Total Budget US$: 24,780                    Beginning Date : 01-07-2006                     Ending Date: 31-12-2006

	Zinc deficiency is a widespread public health problem in developing countries. The true prevalence of this condition remains uncertain because of lack of a specific, sensitive and reliable biomarker for assessment of human zinc status (9). The most widely used indicator for measuring zinc status is serum zinc level, which, however, is homeostatically regulated and influenced by stress and infection (20).  To explore the possibility of using mRNA levels of zinc responsive genes as an indicator of zinc status, Cao and Cousins suggested metallothionein (MT) mRNA level in monocytes and peripheral blood mononuclear cells as an indicator of recent zinc uptake (9). However, the usefulness of MT mRNA is also limited because its level is influenced by other metals, such as copper, cadmium and cobalt (4) and it is also affected by stress.  Several authors have proposed that expression of zinc transporter genes might be useful markers of Zn status. Evidence shows reduction in dietary zinc content produces a marked increase in intestinal absorption and decrease in intestinal zinc losses (5, 15, 32). As zinc homeostasis is regulated in the intestine, study of the zinc transporters in this organ may provide indication of recent zinc uptake. Recently, a few studies have begun to investigate the applicability of using white blood cell zinc transporter expression as an indicator of zinc status and found that some of the transporters are zinc responsive (12, 4). The primary objective of this study is to explore whether the expression of zinc responsive genes, such as zinc transporters in human intestinal mucosal cells, can be used as indicators of zinc status. The specific aims are to compare gene expression in: a) intestinal mucosal cells obtained by duodenal biopsy, b) sloughed intestinal mucosal cells isolated from feces, and c) peripheral blood mononuclear cells (PBMC) in fasting individuals who are receiving their usual diet + placebo or their usual diet + supplemental zinc (20 mg/d for 7 days). Gene expression values from intestinal mucosal cells (biopsy) will be compared between the placebo and zinc supplemented groups. Similar comparison will be done in the cells isolated from stool and PBMCs. This study will also provide an opportunity to compare the relative responsiveness of gene expression and serum zinc concentration following supplementation and to explore the kinetics of any changes in serum zinc concentration. Thus, blood samples will be obtained for measuring serum zinc concentration on two occasions prior to the interventions and at specified intervals during and after the intervention.
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4. Shannon L Kelleher
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Gastroenterology/ Endoscopy
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Description of the Research Project
Hypothesis to be Tested:
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Concisely list in order, the hypothesis to be tested and the Specific Aims of the proposed study. Provide the scientific basis of the hypothesis, critically examining the observations leading to the formulation of the hypothesis.


1. Hypothesis 1: Short-term zinc supplementation will increase the relative expression of ZnT1 and ZnT2 (zinc export and sequestration) and decrease that of ZIP 4 (zinc uptake) in the intestinal tissue.

2. Hypothesis 2
a): Expression of genes coding for zinc transporters in the PBMC will correlate with that of enterocytes obtained by intestinal biopsy.

b): Expression of genes coding for zinc transporters that are recovered from feces will correlate with that of enterocytes obtained by intestinal biopsy.

3.  Hypothesis 3: Plasma zinc concentration will rise following supplementation and decrease after the discontinuation of the supplementation, although the magnitude and timing of the change will depend on initial status of the subject.



Specific Aims:
Describe the specific aims of the proposed study. State the specific parameters, biological functions/ rates/ processes that will be assessed by specific methods.


1. To determine the effect of zinc supplementation on intestinal zinc transporter gene expression (ZnT1, ZnT2 and ZIP 4) in vivo.

2. To examine gene expression values in: 

a) intestinal mucosal cells obtained from duodenal biopsy. 

b) sloughed intestinal mucosal cells isolated from feces. 

c) peripheral blood mononuclear cells (PBMC). 

and compare whether values in the intestinal mucosa correlate with the valuse in stool and in PBMC.

3. To determine the response of plasma zinc concentration to zinc supplementation and intra- and inter-individual variation of plasma zinc concentration.



Background of the Project including Preliminary Observations 



Describe the relevant background of the proposed study. Discuss the previous related works on the subject by citing specific references. Describe logically how the present hypothesis is supported by the relevant background observations including any preliminary results that may be available. Critically analyze available knowledge in the field of the proposed study and discuss the questions and gaps in the knowledge that need to be fulfilled to achieve the proposed goals. Provide scientific validity of the hypothesis on the basis of background information. If there is no sufficient information on the subject, indicate the need to develop new knowledge. Also include the significance and rationale of the proposed work by specifically discussing how these accomplishments will bring benefit to human health in relation to biomedical, social, and environmental perspectives.


Zinc is an essential metal involved in variety of biological functions including intermediary metabolism, hormone secretion pathways and immune defense mechanisms (30). As a cofactor of transcription factors, it is also involved in the control of gene expression (33). On the basis of its multiple biological functions, zinc deficiency causes a wide variety of symptoms including decreased growth, diarrhea, anorexia, impaired immunity, skin lesion and abnormal development (29). Although the symptoms of severe zinc deficiency are obvious, assessment of marginal zinc deficiency is difficult due to the lack of clinical signs and a reliable laboratory marker. Because marginal zinc deficiency is thought to be common, especially in developing countries, it is necessary to have a specific, sensitive and reliable biomarker for human zinc status. Measurement of zinc concentrations in plasma has been shown to be useful in identifying children who are more likely to have growth response to zinc supplements (7). However, this assay lacks the sensitivity necessary to give it a strong endorsement as a biomarker of zinc (17). Further studies have indicated that human serum zinc levels are under tight homeostatic control. Thus, they would not reflect changes in zinc intake (20). Similarly, activities of zinc metalloenzymes, including alkaline phosphatase, 5′-nucleotidase, erythrocyte and plasma superoxide dismutase have been found unreliable as indices of zinc status (11).

Zinc homeostasis is maintained by a diverse array of zinc transporters through zinc uptake, intracellular sequestration, restoration and export (14, 27). Uptake of zinc from the lumen of the small intestine or from the blood circulation of the body is achieved by the members of the ZRT1- and IRT1-like protein (ZIP) family (16). Conversely, zinc efflux is accomplished by the members of the ZnT proteins (zinc transporters) (27). In the ZnT family, the ZnT1 protein is involved in zinc efflux from the cell, whereas other ZnT proteins (ZnT2-7) are engaged in sub-cellular zinc sequestration when zinc is abundant (27). The outcome of the ZnT protein function is to reduce the cytoplasmic zinc concentrations to avoid zinc toxicity when zinc is in excess. In contrast, the ZIP members are essential for an increase of the cytoplasmic zinc concentrations by enhancement of zinc uptake and or release of stored zinc from sub-cellular compartments to the cytoplasm of the cell during zinc depletion (16).

Dietary zinc level influences the expression of the members of both the ZnT and the ZIP family. Evidence shows reduction in dietary zinc content produces a marked increase in intestinal absorption and decrese in the intestinal zinc losses (5, 15, 32). Up-regulation of ZnT1 mRNA and protein was observed in the rat small intestine when the animals were supplemented with zinc (22, 23). When transfected with a cDNA encoding rat kidney ZnT1, it was shown that it confers resistance to high levels of extracellular zinc in the zinc-sensitive baby hamster kidney (BHK) cell line. ZnT1 over-expression in these cells increased 65Zn efflux and reduced the intracellular steady state zinc concentration (26). More recently, neuronal cells (PC12) transfected with rZnT1 cDNA were shown to efflux zinc more efficiently and that it confers resistance to higher zinc concentration. ZnT2 mRNA was detected in rodent small intestine (10). When over-expressed, it can confer zinc resistance to BHK cells by increased accumulation of zinc in vesicles similar to late endosomes rather than through increased cellular zinc efflux as shown for ZnT1 (25). ZnT2 expression in rat small intestine and kidney is highly responsive to zinc (22). Zinc deficiency reduced ZnT2 mRNA to nearly undetectable levels. In contrast, zinc supplementation (two weeks of diet or single zinc oral dose) produced a marked induction of ZnT2 mRNA. The discovery of Zip4 as the gene mutated in most cases of acrodermatitis enteropathica, a genetic disorder which is characterized by impaired zinc absorption, indicates a role in the uptake of zinc from the intestinal lumen (21, 31). Zip 4 gene transfection into HEK293 cells increased 65Zn accumulation (13). During pregnancy in the mouse, zinc deficiency increases the expression of Zip4 in maternal intestine. Expression of this transporter was also shown to increase in the small intestine of adult non-pregnant mice fed a zinc-deficient diet, and to decrease after zinc supplementation (13). Thus, although many Zn transporters (ZnT and ZIP families) have been identified, clear evidence for dietary zinc or zinc status affecting their gene expression is only available for ZnT1, ZnT2, and ZIP4. We have therefore chosen to confine our research on this proposed study on these zinc transporters only.

Human stool is a heterogeneous mixture of non-digestible food residues, cells exfoliated from the gastrointestinal mucosa, bacteria and other secretory products. Many protocols have been reported for isolating intact sloughed colonocytes from freshly passed stool (3). Approximately one-sixth to one-third of normal adult colonic epithelial cells (colonocytes) are shed daily from the lower two-thirds of colon crypts, each having a lifespan of 3-4 days (28). An improved method for extracting non-degraded total RNA from these exfoliated colonocytes has been described (2) by using a commercially available kit (RNAeasy; QIAGEN). During pilot studies that we completed in preparation for this proposal, total RNA was successfully isolated using a modified version of that protocol (described in protocol section) and the integrity of that RNA was checked by 2% gel electrophoresis. Ahmed el al (2) reported that the RNA isolated from stool is suitable for making single-stranded copy of cDNA by using another commercially available kit (Sensiscript; QIAGEN). This cDNA was successfully employed for quantitative expression of gene expression.  Measuring the expression of different zinc transporting genes may lead to a novel, non-invasive approach for determining zinc status. 

Zinc transporter genes in PBMCs can be a valuable indicator for recent zinc uptake. Andree et al (4) aimed a study to identify potential cellular indicators of zinc status in vitro by using cultured PBMCs and then to evaluate these newly identified indicators in blood samples collected from human subjects. Microarray analysis indicated that the ZnT1 expression level changed in response to various zinc levels in cultured lymphoblast cells. Then the authors investigated the expression of ZnT1 in peripheral white blood cells collected from the human subjects who had taken zinc supplement (22 mg/day as zinc gluconate) for 27 days. Although ZnT1 expression increased sharply for some individuals after zinc supplementation, the authors could not show a clear relationship between ZnT1 expression and increased dietary zinc. The authors attributed this finding to the differences in the subjects’ differential white blood cell counts because zinc transporters are expressed in a tissue- and cell-type specific manner, the variation in the relative proportions of specific blood cell subsets in the peripheral blood could affect the sensitivity of detecting the changes in ZnT1 expression. Cousins et al (12) reported that human monocytic/macrophage THP-1 cells manifest marked changes in gene expression during acute zinc deficient and zinc supplemented conditions and observed increased ZnT1 expression in response to zinc treatment. However, the effects of zinc intake in humans were not addressed in that study.

Cao and Cousins (9) observed that plasma zinc concentration in young men increased significantly within two days of supplementation (15 mg zinc/d as zinc sulfate). However, Abdulla and Suck (1) found that plasma zinc increases only after four weeks of supplementation of 30 or 45 mg of Zinc/d (as zinc gluconate). When supplemented with 15 mg of zinc/d, it takes six weeks to increase the plasma zinc level significantly from baseline. Change in plasma zinc concentration in response to supplementation may be a useful measure in population measurement. Therefore, it is important to know when the plasma zinc level increases when the dietary zinc intake is marginal.  

Research Design and Methods


Describe in detail the methods and procedures that will be used to accomplish the objectives and specific aims of the project. Discuss the alternative methods that are available and justify the use of the method proposed in the study. Justify the scientific validity of the methodological approach (biomedical, social, or environmental) as an investigation tool to achieve the specific aims. Discuss the limitations and difficulties of the proposed procedures and sufficiently justify the use of them. Discuss the ethical issues related to biomedical and social research for employing special procedures, such as invasive procedures in sick children, use of isotopes or any other hazardous materials, or social questionnaires relating to individual privacy. Point out safety procedures to be observed for protection of individuals during any situations or materials that may be injurious to human health. The methodology section should be sufficiently descriptive to allow the reviewers to make valid and unambiguous assessment of the project.  

Study Site: This study will be carried out at the Clinical Research and Service Centre of the International Centre for Diarrheal Diseases Research, Bangladesh (ICDDR,B). Subjects will be enrolled from the Mirpur Field sites of the Centre in Dhaka who will be able to read and sign consent form. 

Study Design:  The study will be a double-blind, randomized placebo-controlled trial. 

Study Subjects: Healthy adults (n=40; 20 males and 20 females) aged between 18 to 35 years will be enrolled for this study. Subjects suffering from diarrhea and/or infection in past 7 days will not be eligible. A study health worker will screen for eligible subjects in the Mohakhali area where currently several immunological studies are being carried out by ICDDR,B. The health worker will explain the nature of the study to eligible subjects and request him/her to appear at the centre for participation in the study. 

Study procedure: After informed consent, an investigator will randomly assign the subjects to one of two groups. In the morning of day 1, blood (10.0 ml) and stool (10-20 g) samples will be collected after 10 h fasting from the patient at the centre. On the mornings of day 4, 6, and 9, subjects will be requested to appear in the centre after overnight fasting, Blood (10 ml) and stool (10-20 g) sample will be collected from the subjects on these days and after collection of the specimens each day, 20 ml of solution containing 20 mg of zinc as zinc sulfate or placebo will be administered to the subject. On day 5, 7, and 8, a health worker will visit the house of the subject and administer 20 ml of solution (20 mg of zinc as zinc sulfate or placebo) every morning at 0900. Food intake data will be collected from day 3-9 by 24-hr dietary recall for estimation of dietary zinc intake. The zinc content of individual foods and recipes will be estimated by using the software package, The Food Processor (version 7.01) which incorporates USDA food composition data. Data from local food composition tables will be added to the database as necessary. Similar approach has been taken to estimate nutrient intakes among infants in Rural Bangladesh (19). Morbidity data, such as current infections which may interfere with gene expression, will also be collected at the same time. The subject will stay at the Study Ward of the hospital on the nights of  day 2 and 9 to make sure of overnight fasting. On the mornings of day 3 and 10, a certified clinician (an investigator of the study) will collect three small pieces of intestinal biopsy sample. Subjects will be requested to appear at the centre after overnight fasting on the morning of day 11, 13, and 17 for blood (10 ml) and stool (10-20 g) specimens.

Randomization: Randomization will be done using Moses-Oakford algorithm with a block sizes of 2, 4, and 6 as described by Meinert and Tonascia (24). The PI will prepare the randomization list. Two sets of 30 envelop (one for male (blue) and one for female (pink)) will be numbered sequentially from 1 to 30. Beginning at the top of the randomization list, the number of the respective treatment group (A for zinc, B for placebo) will be recorded on a piece of paper and placed in the first envelope. This procedure will be continued until there are a total of 60 group assignments in 60 envelopes. The first participant (male or female) will be assigned to the treatment group in envelope number 1, and subsequent participants will be assigned to the group in the next envelopes in sequence until a total of 40 participants (20 male, 20 female) are enrolled. The additional envelopes will be used for replacements subjects in case some participants do not finish the study. Study personnel involved in laboratory analyses or preliminary data analyses will be unaware of which treatments correspond to the specific subject numbers. 

Supplement: The zinc preparation will be supplied by ACME laboratories Ltd (Dhamrai, Dhaka, Bangladesh) as 20 mg of zinc as zinc sulfate/20 ml solution or as placebo. Zinc sulfate will be dissolved in a syrup base normally used for delivery of vitamins to disguise any metallic taste of zinc. The zinc and placebo solutions will be identical in appearance, color, flavor and aroma.

Laboratory protocols: 

a) Blood collection: For this study, 0.5 ml of blood will be collected in a heparinized vial, mixed vigorously in 1.3 ml RNAlater and stored at -20 degree C. Total RNA will be isolated from white blood cells using TriZOL (Invitrogen, Carlsbad, CA) per manufacturer’s instructions. In a mineral-free, heparinized tube, 4.5 ml of blood will be collected for differential count and mineral analysis. In another vial with anti-coagulant, 5.0 ml of blood will be collected for the isolation of buffy coat. White blood cells will be sorted into CD4+ and CD8+ T cells using antibody coated magnetic nanoparticles (StemSep Technologies Inc., Vancouver, Canada). Rest of the cells will be cultured in sterile plastic Petri dishes to isolate monocytes. mRNA will be isolated from each cell types using the QIAamp RNA Mini Kit (QIAGEN, GmbH, Germany), according to the manufacturer’s instructions and relative expression of different zinc transporter genes will be analyzed in different cell types with respect to zinc supplementation. 

b) Stool collection: 10-20 g of stool will be collected in a sterile container from the subjects at the centre. Immediately after collection, ~5 g of stool will be vortexed with 10.0 ml of RNAlater and stored at -20 degree C until RNA isolation. 

c) Extraction of non-degraded total RNA from stool: RNeasy Mini Kit from Qiagen will be used to extract RNA from stool preserved in RNAlater. To 0.5 ml of fecal aliquot, 1.5 ml of RLT buffer supplemented with 15 µl of β-mercaptoethanol will be added and vortexed. The suspension will be centrifuged at 14,000 g for 5 min. Supernatant (1 ml) and 70% ethanol (1 ml) will be mixed. The sample will then be applied to a mini-spin column sitting in a 2-ml collection tube and centrifuge at 8,000 g for 15 sec. The column will be washed three times with 670 µl of buffer RW1. During each wash column will be centrifuged at 8,000 g for 15 sec. After washing, the column will be transferred to a new 2-ml collection tube. The column will be washed 2 times with 500 µl of RPE buffer by centrifugation at 8,000 g of 15 sec. Finally, RNA will be eluted with 30 µl of RNase-free water. 

d) Intestinal biopsy collection: Intestinal biopsy samples (three pieces) will be obtained from the subjects on two ocassions on days 3 and 10, before and after zinc or placebo supplementation. The samples will be obtained from the distal duodenum by using conventional endoscopic forceps (open cup: 8 mm) and immediately stored in RNAlater until RNA isolation. Before obtaining biopsy specimens, the bleeding parameters i.e. prothrombin time and platelet counts will be checked. Bleeding, though rare and usually minor, may occur from the site of biopsy and there is a very low possibility of perforation during endoscopy, since a trained and well experienced clinician (PKB), an investigator of this study will perform the procedure. To prevent any complications, every possible precaution will be taken, and the subject will be kept under observation 3-4 h after the endoscopy. If needed, prompt and necessary treatment will be provided. Appropriate measures will be taken to avoid introduction of any infection during this procedure. A broad spectrum antibiotic, ciprofloxacin (500 mg; twice daily for three days), will be given to prevent infection. 

e) Extraction of RNA from intestinal biopsy sample: Total RNA will be extracted from the biopsy samples by using RNeasy kit from QIAGEN according to the manufacturer’s instruction. Briefly, one piece of biopsy specimen stored in RNAlater will be homogenized in 600 µl of RLT buffer using a hand homogenizer. Equal volume of 70% ethanol will be added to the lysate which will create conditions that will promote selective binding of RNA to the RNeasy silica-gel membrane. The sample will then be applied to the RNeasy mini column. Total RNA will bind to the membrane, contaminants will be effectively washed away, and high-quality RNA will be eluted in RNase-free water.

f) Quantification of Zn transporter mRNA levels by real-time RT-PCR: cDNA will be generated from 1 µg of RNA using reverse transcription kits (Perkin Elmer Applied Biosystems, Foster City, CA) following the manufacturer’s instruction and the reaction will be performed using the cDNA reaction mixture (1.5 µl for β-actin and 4 µl for Zn transporters) using ABI 7900 HT real-time thermocycler (Perkin Elmer Applied Biosystems) coupled with SYBR Green technology (Perkin Elmer Applied Biosystems) using the gene specific primers to human ZnT-1 (Forward: 5′-CCC AAG GCA TCT CCA AGG A-3′; Reverse: 5′-GAA GAA GAT AGG GCT GGA CAA CTT-3′); ZnT2 (Forward: 5′-TGC ATG GAG GCC AAG GA-3′; Reverse: 5′-CCG TGT ATG ACC GGA TTG C-3′); Zip4 (Forward: 5′-CCA GTG TGT GGG ACA CGG TAT-3′; Reverse: 5′-TGT TCC GAC AGT CCA TAT GCA-3′); β-actin (Forward: 5′-GGC GCT TTT GAC TC-3′; Reverse: 5′-GGG ATG TTT GCT CC-3′) as described previously (18). The following parameters will be used for thermocycling: 50°C for 2 min; 95°C for 10 min; 40 cycles of 95°C for 15 s, 60°C for 1 min; 95°C for 15 s. The linearity of the dissociation curve will be analyzed using the ABI 7900 HT software and the mean cycle time of the linear part of the curve will be designated Ct. Each sample will be analyzed in triplicate and normalized to β-actin using the following equation: DCt = Cttransporter – Ctβ-actin. The fold-change in Zn transporter expression in response to Zn supplementation will be calculated using the following equation: 2(DDCtGENE) where DDCtGENE = mean DCttransporter post-supplementation – DCttransporter pre-supplementation. Values represent mean fold change ± SD.

g) Measurement of plasma zinc concentration: For preparation of plasma, 5.0 ml of blood will be collected into a heparinized tube and centrifuged at 2,500 g for 15 min at 4 degree C. The resultant clear plasma layer will be removed and stored at -20 degree C until further processing. Plasma samples will be digested for 48 h at room temperature with 1N ultra-pure nitric acid. Plasma zinc level will be measured by flame atomic absorption spectrophotometry (Thermo Jarrell Ash, Franklin, MD). Bovine liver preparations will be used as a reference material (standard reference material 1577: US Department of Commerce, National Institute of Standards and Technology, Gaithersburg, MD) to validate the mineral analysis. 

Sample Size Calculation and Outcome Variable(s)


The PCR method is very sensitive; the SDs of change from baseline typically are ~0.25-fold. About 20 subjects per group will provide adequate statistical power in detecting the difference if the supplementation causes the change in the expression of the transporters by 20% compared to placebo (α= 0.05, power 80%). 
Facilities Available

Describe the availability of physical facilities at the place where the study will be carried out. For clinical and laboratory-based studies, indicate the provision of hospital and other types of patient’s care facilities and adequate laboratory support. Point out the laboratory facilities and major equipment that will be required for the study. For field studies, describe the field area including its size, population, and means of communications.  


For the proposed study, the techniques for extracting genes from stool, blood and biopsy specimens have been standardized at the Department of Nutrition, UC Davis and the PI of the study, a PhD student is well trained in operating these techniques. The equipment, e.g. colonoscope for endoscopy, iCycler from Bio-Rad for the real time Reverse Transcriptase PCR work, flame atomic absorption spectrophotometry for measuring zinc levels in plasma, high speed centrifuge for seperating blood cells, stool extraction needed for carrying out the experiments are available at ICDDR,B. Commercial kits will be used to extract mRNA and prepare cDNA from specimens. The clinical trial will be carried out in the Study Ward of ICDDR,B.  

Data Safety Monitoring Plan (DSMP)

All clinical investigations (biomedical and behavioural intervention research protocols) should include the Data and Safety Monitoring Plan (DSMP) to provide the overall framework for the research protocol’s data and safety monitoring. It is not necessary that the DSMP covers all possible aspects of each elements. When designing an appropriate DSMP, the following should be kept in mind.

a) All investigations require monitoring;

b) The benefits of the investigation should outweigh the risks;

c) The monitoring plan should commensurate with risk; and

d) Monitoring should be with the size and complexity of the investigation.

Safety monitoring is defined as any process during clinical trails that involves the review of accumulated outcome data for groups of patients to determine if any treatment procedure practised should be altered or not.


Not applicable.

Data Analysis


Describe plans for data analysis. Indicate whether data will be analyzed by the investigators themselves or by other professionals. Specify what statistical software packages will be used and if the study is blinded, when the code will be opened. For clinical trials, indicate if interim data analysis will be required to monitor further progress of the study. 

We will perform descriptive statistics to examine the distribution of each of the major baseline and outcome variables. Variables will be suitably-transformed if necessary. Student’s t-test will be used to compare baseline measurements between the zinc supplementation and the placebo group. The changes in the expression of the transporter genes in intestinal biopsy samples, fecal cells and PBMCs will be compared by treatment group by using analysis of covariance (ANCOVA) adjusting for age, dietary zinc intake and initial expression of the transporters. Paired t-test will be used to test whether significant changes occurred within each group in intestinal biopsy specimens, fecal cells and PBMCs. Expression of intestinal transporters at the end of supplementation will be compared by treatment group by using ANACOVA controlling for pre-supplementation serum zinc values. The change in serum  zinc concentration with respect to zinc supplementation will be analyzed by repeated measures analysis of variances with polynomial contrast. The validity of the gene expression values of blood and stool with respect to the values of the biopsy samples will be assessed by the method described by Bland and Altman (6) i.e.  1) comparing the means by paired t-test, 2) calculating the SD of the difference of two methods and determining whether it is acceptably small, and 3) assessing whether the difference between the two methods (bias) is related to their magnitude. 
Ethical Assurance for Protection of Human Rights


Describe in the space provided the justifications for conducting this research in human subjects. If the study needs observations on sick individuals, provide sufficient reasons for using them. Indicate how subject’s rights are protected and if there is any benefit or risk to each subject of the study.


Informed consent will be obtained from all study participants. Intestinal biopsy samples have been collected previously at ICDDR,B in conjunction with numerous studies of immune responses in bacillary and amebic dysentery, in acute watery diarrhea and in mucosal vaccine related studies. No serious side effects/complications have been associated with sampling in previous studies. The above information has been provided in the consent form.



Compensation: Study subjects will be compensated for wage loss and transport cost. They will be given 450 Tk/visit on day-1, -3, -4, -6, –9 and -10. In total they will be given 2,700 Tk.

Use of Animals


Describe in the space provided the type and species of animals that will be used in the study. Justify with reasons the use of particular animal species in the experiment and the compliance of the animal ethical guidelines for conducting the proposed procedures.


Not applicable
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Dissemination and Use of Findings


Describe explicitly the plans for disseminating the accomplished results. Describe what type of publication is anticipated: working papers, internal (institutional) publication, international publications, international conferences and agencies, workshops etc. Mention if the project is linked to the Government of the People’s Republic of Bangladesh through a training programme.


Currently there are no sensitive and reliable markers for assessment of  zinc status in humans. The extent of zinc deficiency among the population in developing countries is not known although zinc supplementation trials have shown beneficial effects indicating widespread prevalence of zinc deficiency among infants, children and pregnant women. The potential for a non-invasive method for assessing zinc status will be examined by studying different zinc transporter genes in stool and blood and compared with those in intestinal biopsy specimens. The proposed study may also provide insights into how zinc supplementation changes serum zinc levels and affects the expression of different zinc transporting genes in the intestine. The results will have potentially important implications with regard to future approaches to assess zinc status, which is a pressing issue. 

Research findings will be published in international journals to make the results available to all researchers in the relevant fields and will be presented at international conferences.

Collaborative Arrangements

Describe briefly if this study involves any scientific, administrative, fiscal, or programmatic arrangements with other national or international organizations or individuals. Indicate the nature and extent of collaboration and include a letter of agreement between the applicant or his/her organization and the collaborating organization. 

Mohammad Bakhtiar Hossain (from ICDDR,B and Program in International Nutrition (PIN)) will conduct the study. He, in collaboration with Bo Lonnerdal (from the PIN) and Kenneth Brown (from the PIN) has designed the study. Kenneth Brown (from the PIN) will provide expertise in the area of human subjects and zinc supplementation. Shannon Kelleher from UC Davis will be the genomics advisor. Rubhana Raqib will provide expertise in human studies related to blood cells and intestinal biopsy procedures as well as zinc supplementation studies at ICDDR,B. Pradeep Kumar Bardhan is an experienced clinician cum researcher who will perform endoscopy in the study patients as well as provide advice on the clinical trial. Rubhana Raqib and Pradeep Kumar Bardhan (from ICDDR,B) will help set up the study as well as provide support at ICDDR,B, Dhaka. 
Biography of the Investigators 

Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)

1    Name: Mohammad Bakhtiar Hossain
2    Present Position: PhD Student at the Department of Nutrition, University of California, Davis; 

                                           Research officer; Parasitology lab; LSD On Study Leave.
 

3    Educational background:
 

       (last degree and diploma & training

        relevant to the present research proposal)

M Sc. Department of Biochemistry and Molecular Biology; University of Dhaka, Bangladesh
5   Publications 
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	a. Original scientific papers in peer-review journals                               
	5

	b.   Peer reviewed articles and book chapters                                                               
	     

	c. Papers in conference proceedings
	2

	d. Letters, editorials, annotations, and abstracts in peer-reviewed journals  
	     

	e. Working papers
	2

	f. Monographs
	     


6    Five recent publications including publications relevant to the present research protocol
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       5)   Islam MR, Khan MH, Zohra FT, Hossain MB, and Seraj ZI, 1999. Stable                                                    transformation of jute (Chorchorus capsularies L var. CVL-1) calli and high efficiency marker gene insertion in explants. Plant Tissue Cult. 9(1): 35-43.    

Biography of the Investigators

Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)

1    Name: Bo Lonnerdal
2    Present Position: Distinguished Professor of Nutrition & Internal Medicine; University of California, Davis
3    Educational background:
 

       (last degree and diploma & training

        relevant to the present research proposal)

Ph D; University of Uppsala, Sweden
5   Publications 
	Types of publications
	Numbers

	g. Original scientific papers in peer-review journals 
	~400

	h.   Peer reviewed articles and book chapters 
	~50

	i. Papers in conference proceedings
	~100

	j. Letters, editorials, annotations, and abstracts in peer-reviewed journals 
	~50

	k. Working papers
	~20

	l. Monographs
	~10


6    Five recent publications including publications relevant to the present research protocol
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Lonnerdal B (2005) Trace element nutrition of infants--molecular approaches. J Trace Elem Med Biol 19, 3-6.     
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Leong WI & Lonnerdal B (2005) Iron transporters in rat mammary gland: effects of different stages of lactation and maternal iron status. Am J Clin Nutr 81, 445-453.
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Kelleher SL & Lonnerdal B (2005) Molecular regulation of milk trace mineral homeostasis. Mol Aspects Med 26, 328-339.
       5)   Chowanadisai W, Kelleher SL & Lonnerdal B (2005) Zinc deficiency is associated with increased brain zinc import and LIV-1 expression and decreased ZnT-1 expression in neonatal rats. J Nutr 135, 1002-1007.    

Biography of the Investigators

Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)
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Ph D; University of California, Davis
5   Publications 
	Types of publications
	Numbers

	m. Original scientific papers in peer-review journals
	25

	n.   Peer reviewed articles and book chapters 
	2

	o. Papers in conference proceedings
	     

	p. Letters, editorials, annotations, and abstracts in peer-reviewed journals
	20

	q. Working papers
	7

	r. Monographs
	     


6    Five recent publications including publications relevant to the present research protocol

        1)
Chowanadisai W, Kelleher SL, Lönnerdal B. Zinc deficiency is associated with increased brain zinc import and LIV-1 expression and decreased ZnT-1 expression in neonatal rats. J Nutr. 2005;135:1002-1007.
        2)
Araya M, Kelleher SL, Arredondo MA, Sierralta W, Vial MT, Uauy R, Lönnerdal B. Effects of chronic copper exposure during early life in rhesus monkeys. Am J Clin Nutr. 2005; 81:1065-1071.
        3)
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Budget Justifications

​​
Please provide one page statement justifying the budgeted amount for each major item.  Justify use of human resources, major equipment, and laboratory services.

Salary support (100%) for the PI, field/Lab attendant (100%), Research Physician (100%), and for the co-investigators (2.5% each) have been requested. Patient costs include charges for study ward usage, medicines, enemas, endoscopic procedure, hospital supplies and hospital meals during their stay and compensation for wage loss. Costs for supplies and reagents required for molecular biological assays, blood cell seperation kits, disposable plasticware, glassware have been requested. Local transport cost has been included for field trips of staff for data collection, providing syrup etc. International travel is required by the PI for carrying out work at ICDDR,B since the PI (ICDDR,B Staff) is currently doing his PhD in the University of California Davis and this project is part of his PhD dissertation work.    
Other Support

Describe sources, amount, duration, and grant number of all other research funding currently granted to PI or under consideration. 
     
Check-List

CHECK-LIST FOR SUBMISSION OF RESEARCH PROTOCOL

FOR CONSIDERATION OF RESEARCH REVIEW COMMITTEE (RRC)

[Please check (X) appropriate box]

	1. Has the proposal been reviewed, discussed and cleared at the Division level?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If No, please clarify the reasons:      


	2. Has the proposal been peer-reviewed externally? 

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If the answer is ‘No’, please explain the reasons:      


	If yes, have the external reviews’ comments and their responses been attached

	                                     Yes
	 FORMCHECKBOX 


	No
	 FORMCHECKBOX 


	3. Has the budget been cleared by Finance Department?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If the answer is ‘No’, reasons thereof be indicated:      


	4. Does the study involve any procedure employing hazardous materials, or equipments?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If  ‘Yes’, fill the necessary form.
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                                                                             Date                                                                          
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