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Relevance of the protocol:

Human and animal studies indicate that both clinical and subclinical vitamin A deficiency impair innate and adaptive immune functions (Stephensen 2001). At present the Estimated Average Requirement (EAR) and RDA are based on prevention of clinical deficiency. But a hallmark of recent community trials has been the observation that mortality from infectious diseases is dramatically reduced by vitamin A supplements even when children with clinical deficiency (xerophthalmia) are treated and excluded from these studies (Glasziou et. al 1993; Fawzi et. al. 1993). These and other data (Semba et. al. 1993) indicate that protective immunity is impaired by subclinical vitamin A deficiency. However, there are no human studies using controlled diets that have evaluated immune function tests as a means to access the adequacy of different levels of dietary vitamin A. For this reason, in the most recent version of Dietary Reference Intake (DRI) immune measures in relation to vitamin A were not considered for EAR calculation. 

The concentration of plasma retinol is under tight homeostatic control in individuals and therefore is insensitive to total body vitamin A store. The relationship is not linear and over a wide range of hepatic vitamin A reserve there is little change in plasma retinol or retinol binding protein (RBP). Given that safe use of stable isotope for studying vitamin A metabolism in human, one study at ICDDRB “Estimation of Vitamin A Requirement of Adult Males” proposes to use the paired deuterated retinol dilution (DRD) technique to estimate the average daily vitamin A intake required to maintain whole body pool size. 

Thus it is of interest to investigate the change in immune status in human with the change in vitamin A pool size at different dietary level of vitamin A starting with wide range of total body vitamin A store. The outcome of this proposal would allow us to evaluate whether maintaining pool sizes at a certain dietary level of intake also maintain optimal immune response. This evaluation will provide functional indicators to establish dietary recommendation. To address this research question, we are planning to take additional blood at specified time points from the ongoing study at ICDDRB.

 In addition, recent work from our laboratory at UC Davis (Stephensen et al 2002), using mouse model suggests an explicit role of vitamin A in immune function. Which may explain the epidemiological observation (not always consistent) that administration of high-dose vitamin A supplement during routine vaccine visits develops the protective serum antibody titers. However this mechanistic analysis needs to be validated in free living human and for this purpose by using DNA micoarray, we propose to recruit 8 human subjects separately to determine the effect of high-dose vitamin A supplementation on the functional genomic level of two types of immune cells.
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PROJECT SUMMARY: Describe in concise terms, the hypothesis, objectives, and the relevant background of the project. 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. ( TYPE TEXT WITHIN THE SPACE PROVIDED).


Principal Investigator: Shaikh Meshbahuddin Ahmad

Project Name: Validating Immune Function as an Indicator of Subclinical Vitamin A Deficiency in Bangladeshi Men with Marginal and High Stores Measured by Stable Isotope Dilution

Total Budget       $ 94,996                    Beginning Date:   01/05/2003         Ending Date:  30/10/2005

Vitamin A deficiency is a serious public health problem in food-insecure communities around the world.  In Bangladesh, while the incidence of clinical vitamin A deficiency – which causes blindness – has been declining following institution of vitamin A supplementation programs, the incidence of subclinical vitamin A deficiency – which increases the risk of death from infectious diseases – remains high.  The problem of subclinical vitamin A deficiency is difficult to attack because the level of body vitamin A stores that are required to maintain optimal immune function is not known. As a result, dietary vitamin A requirements have been defined in terms of maintaining body stores that are sufficient to prevent blindness, rather than sufficient to prevent immune deficiency. Conversely, it is well established that vitamin A deficiency compromises many aspects of both adaptive and innate immunity. 

The ongoing study “Estimation of Vitamin A Requirement of Adult Males” at ICDDRB uses the paired deuterated-retinol-dilution (DRD) technique to estimate the average daily vitamin A intake required to maintain pool size. Specifically, in this study, vitamin A pool size will be estimated before and after 60 days of dietary supplementation with eight different levels of intake, ranging from 100-1000 ug RE/d for men with low-level whole-body vitamin A stores (~26 mg) and from 200-2300 ug RE/d for men with high-level whole-body vitamin A stores (~132 mg, previously replenished by supplementing with 4 x 60 mg vitamin A palmitate capsules at 5 days apart). We intend to collect blood before and after 60-day dietary intervention to investigate the change in different immune parameters (e.g. absolute number of naïve CD4 T-cell, naïve CD8 T-cell, NK cell and mature neutrophils and development of Th2 phenotype and oxidative burst activity of neutrophils) with the change in whole body vitamin A pool size and whether this change correlates with change in total body stores of vitamin A. This study will provide functional criteria for establishing dietary requirements for vitamin A and with such requirements it will be possible to develop intervention goals to eliminate subclinical vitamin A deficiency.

The mechanism by which vitamin A regulate immune response is mostly unknown, recent work from our laboratory at UC Davis, using a mouse model suggests that one mechanism by which vitamin A deficiency impairs T cell-mediated antibody responses is by diminishing development of Th2 memory cells from non polarized naïve T-helper cells. Several studies with neutrophils in a controlled ex vivo single gene expression system had identified a number of vitamin A regulated genes involved in the development and function of neutrophils. To identify a potential mechanism(s) underlying in vivo activity of vitamin A, we will recruit 8 human subjects separately based on low serum retinol level and supplement them with 4 x 60 mg vitamin A palmitate capsules at 5 days apart. Blood will be collected before and after supplementation for DNA micro array analysis of stimulated naïve Th2 cell and neutrophils. This analysis would allow us to study in vivo function of vitamin A among free-living human in the development of phenotypic and/or functional characteristics of these two types of immune cells. Using DNA-microchip with more than 8,500 verified human gene sequences from the NCBI RefSeq database; we can identify the gene-expression pattern and regulation at a single time point interceded by vitamin A status. This gene expression data will help us to explore the biological role of vitamin A in human, through distinguishing the mechanistic inter- and intra- relationship among them.  
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DESCRIPTION OF THE RESEARCH PROJECT

Hypothesis to be tested:

Concisely list in order, in the space provided, 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.


Hypothesis 1:
Measures of innate and adaptive immunity will correlate positively with whole body vitamin A stores and this positive association with stores will plateau at the level required to maintain normal immune function. 

Hypothesis 2: 
High-dose vitamin A supplementation of men with low serum retinol level will alter the gene expression of the cells involved in the T cell and innate immunity. 
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 (TYPE WITHIN LIMITS).


Specific Aim 1. After a 60 day, controlled feeding trial of Bangladeshi adult men who began the feeding trial with either (i) minimal vitamin A stores (~26 mg) and then received intakes from 100 to 1,000 RE/day (n = 4/diet), or (ii) high vitamin A stores (~132 mg) and then received intakes from 200 to 2,300 RE/day (n = 4/diet), determine if the following measures of adaptive and innate immunity correlate with whole body vitamin A stores: 

(1) Absolute value or change in the number of naïve CD4 and CD8 T cells. 

(2) Absolute value or change in the development of a Th2 phenotype of CD4 T-cell in the stimulated whole blood. 

(3) Absolute value or change in the number of NK cells and mature neutrophils. 

(4) Absolute value or change in the intensity of the oxidative burst by stimulated neutrophils.
Specific Aim 2: Determine if supplementation with high-dose vitamin A of men with low serum retinol 

(1) Increases the expression of Th2 development genes and subsequent development of a Th2 phenotype in stimulated naïve CD4 cells. 

(2) Alter the gene expression and degranulation of stimulated neutrophils.
Background of the Project including Preliminary Observations 


The estimated average requirement (EAR) for vitamin A is based on maintenance of minimum acceptable liver stores of 20 µg/g liver.  This reserve is thought to be sufficient to prevent the development of clinical deficiency (decreased retinal sensitivity to light) for four months on a vitamin A-deficient diet (Institute of Medicine Panel on Micronutrients, 2002).  The RDA (700 µg for women and 900 µg for men) is based on the EAR and designed to prevent clinical deficiency in 98% of healthy adults. While the EAR and RDA are based on prevention of clinical deficiency, a hallmark of recent community trials has been the observation that mortality from infectious diseases is dramatically reduced by vitamin A supplements even when children with clinical deficiency (xerophthalmia) are treated and excluded from these studies (Glasziou et al., 1993; Fawzi et al., 1993).  These and other data (Semba et al., 1993) indicate that protective immunity is impaired by subclinical vitamin A deficiency.  Thus using prevention of clinical deficiency as the benchmark for establishing the EAR may produce an under-estimate of dietary requirements for maintaining optimal immune function.  In this study we propose to evaluate measures of immune function as indicators of vitamin A insufficiency to overcome this potential shortcoming in RDA determination.

Vitamin A deficiency compromises many aspects of both adaptive and innate immunity (Stephensen et al., 2001). Vitamin A deficiency appears to decrease the ability of the thymus to produce naïve T cells. The mechanism is uncertain but the vitamin A metabolite all-trans-retinoic acid appears to regulate activation-induced apoptosis of immature thymocytes during negative selection (Kang et al 2000; Lee et al 2002). A principal effect of vitamin A deficiency is to decrease the antibody response to T cell-dependent antigens. Such responses are stimulated primarily by cytokines that are produced by T-helper type 2 (Th2) memory cells. Th2 cells develop in response to extracellular pathogens and allergens by producing IL-4, IL-5, IL-10 promote IgG1, IgE and IgA production by B cells (Wiedermann et al 1993). These responses can be down regulated by IFN-(, the principal effector cytokine produced by Th1 cells, which develop in response to infections by intracellular pathogens, such as viruses and protozoa. 

Our laboratory at UC Davis currently investigating the mechanism by which vitamin A affects Th1/Th2 development.  Recent studies (Stephensen et al., 2002) with rodents have found that in vitro treatment with retenoid X receptor (RXR) agonists, including the vitamin A metabolite 9-cis retinoic acid, strongly enhances Th2 development. This activity appears to be independent of the previously demonstrated ability of all-trans retinoic acid (acting via the RAR pathway) to decrease the production of the Th1-enhancing cytokine IL-12 by macrophage and IFN-( by Th1 cells. This study also shows that RXR agonists enhance mRNA levels of the Th2 transcription factor GATA-3, the Th2-enhancing cytokine IL-4, and decreases mRNA levels of the Th1 transcription factor T-bet, the Th1-enhancing cytokine IFN-( and the receptor for the Th1-enhancing cytokine IL-12. These effects on immune function are comparable with the Th2 polarizing cytokine IL-4. Thus one mechanism by which vitamin A deficiency impairs T cell-mediated antibody responses is by diminishing development of Th2 memory cells, although this hypothesis has not been tested in human studies. Recent microarray experiments (Hamalainen et al 2001) have yielded gene expression profiles of the Th1 and Th2 cells develop from naïve CD4+ T cells by expanding in vitro under conditions that would lead to differentiation to a Th1 phenotype (IL-12 plus neutralizing antibodies to IL-4) or to a Th2 phenotype (IL-4 plus neutralizing antibodies to IL-12). Group of molecules those expressed preferentially in Th1 and Th2 cells are summarized in Table 1. If vitamin A initiates the development of Th2 cell from naïve Th cell in vivo then in vitro stimulation of naïve Th cell following vitamin A supplementation will have Th2 type gene expression pattern as indicated.

Table 1: Preferential gene expression pattern of Th1 and Th2 cells when naïve Th cells are stimulated under specific polarized condition 

	Gene group
	Th1 cell
	Th2 cell

	Signature cytokines:
	IFN-( and TNF-(
	IL-4, IL-5 and IL-13

	Transcription Factor:
	T-bet, Stat4 and IFN-RF-1
	GATA-3, c-maf, and Stat6

	Chemokine receptor:
	CCR5 and CXCR3
	CCR3, CCR4, CCR8, CRTh2

	TRAF family:
	TRAF4
	TRAF5

	Other cell surface molecules:
	IL-12RPRIVATE "TYPE=PICT;ALT=beta"(2, IL-18R, P-selectin
	IL-10R

	Proapoptotic molecule:
	CD26, TRAIL, caspase-8, perforin and granzyme B
	protease M




Many characteristics of innate immunity are also impaired by vitamin A deficiency. For example, the vitamin A metabolite retinoic acid (RA) appears to act as a commitment factor for the granulocyte lineage, as exogenous RA is able to redirect erythroid-, monocyte-, or eosinophil-committed progenitors toward a granulocyte fate (Tocci et al 1996). In mice vitamin A deficiency decreases both natural killer (NK) cell number and cytotoxicity (Ross et al 1996). Deficiency also disrupts normal neutrophil development and can decrease phagocytosis and killing of bacteria. These defects may lead to the decreased clearance of bacteria from the blood that has been seen in deficient rats (Twining et al 1997). Ex vivo studies with human promyelocytic cells shows that all-trans RA initiated differentiation of these neutrophil precursors into mature neutrophils (N'Diaye et al 1997) with increased levels of the O2- producing enzyme, NADPH oxidase, which plays a critical role in microbial killing. Lactoferrin and myeloperoxidase expression in neutrophils also appears to depend on RA-induced regulation of gene expression (Radomska et al 1998; Lee et al 1995; Piedrafita et al 1996). Roles for retinoic acid during neutrophil maturation has been suggested from a variety of sources are summarized in the following Table2.


Table 2: List of retinoid responsive genes during neutrophil maturation (Lawson et al 1999)
	Immediate early genes
	Secondary/cooperative genes

	CaMKK(, CIP/WAF/p21, C/EBP(, C/EBP(, E3, CD38, MZF-1, P47-phox, Transglutaminase
	Lactoferrin, Myeloperoxidase, CD11b, CR1 (CD35) (Funkhouser et al 1999)


At least a dozen community and clinical trials have now demonstrated that vitamin A supplementation reduces severe morbidity and mortality from infectious diseases, particularly measles, and who are at risk of vitamin A deficiency (Stephensen, 2001). Few human studies have been done to examine the relationship of vitamin A status to immune function. Among vitamin A deficient subjects, vitamin A supplementation has been shown to increase the number of circulating CD4+T cells, especially naïve cells (Semba et al 1993). It has also been shown that vitamin A supplementation increases the serum antibody response to tetanus toxoid in vitamin A–deficient children (Semba et al 1992), and similar observations for the diphtheria vaccine have also been reported (Rahman et al 1999). Vitamin A supplements have also been shown to increase the serum IgG response to measles infection (Coutsoudis et al 1992) and to measles immunization (Benn et al 1997), although decreases have also been seen (Semba et al 1995). The serum antibody response to polio vaccine is not affected by vitamin A supplements given at routine immunization visits (Semba et al 1999). A shortcoming is that these studies were designed primarily to determine whether administration of high-dose supplements at vaccine visits interfered with the development of protective serum antibody titers rather than to examine the role of vitamin A in immune function. 
Research Design and Methods


We will conduct two experiments to address our two hypothesizes. For hypothesis 1, we intend to collect additional blood at two time points from the ongoing study “Estimation of Vitamin A Requirement of Adult Males” at ICDDRB. For hypothesis 2, we will enroll 8 subjects separately to allow scheduling of all the required immunologic tests. Study subject selection criteria and pool size increment protocol are comparable between these two experiments.  
Research Design for Hypothesis 1

To address our first hypothesis, we are planning to obtain blood from the study subjects of the ongoing study “Estimation of Vitamin A Requirement of Adult Males” at ICDDRB. 

Overview of the ongoing study at ICDDRB: “Estimation of Vitamin A Requirement of Adult Males”:  
This NRI/USDA-funded study (PI: Dr. Haskell; UC Davis) is using the deuterated-retinol-dilution (DRD) technique to estimate the dietary vitamin A intake required to maintain a stable vitamin A pool. The schedule for blood collection, dietary supplementation and experiments are presented in Figure 1.

Study Site:. This residential study will be carried out in a dedicated facility in the outpatient area of ICDDRB and study subjects will attend 7 days per week for three meals and consume all meals at this site.  They typically arrive at about 7 AM and leave at 7 PM.  Reading material, games and radio are available.  
Study Subject: Bangladeshi men (20 - 35 years of age) with retinol concentrations < 35 (g/100 ml and normal CRP concentration (< 10mg/L) will be eligible to participate in this study. Men will be examined by a study physician and will be free of significant underlying disease, will have normal clinical chemistry and hematology values. Previous studies in Bangladesh (Haskell et al 1997) have demonstrated that it is possible to recruit men with low body stores of vitamin A (30 ( 14 mg). These low stores are seen because the traditional diet in Bangladesh is low in vitamin A-rich foods. 
Study Diet: Subjects will consume a low vitamin A basal diet (containing 2,200 kcal/d) modeled on the traditional Bangladeshi diet. This diet will utilize pale colored fruits and vegetables (rice, wheat flour, potato, banana, cucumber, cabbage etc…) and will provide approximately 100 (g RE/d.  The low level of vitamin A is used so that vitamin A stores will not be augmented during the isotope dilution period (21 days). We have also calculated the average daily intake of other minerals and vitamins from our basal low vitamin A diet by evaluating the unenriched single food items from the USDA and a Bangladeshi nutrient database. We found that this basal diet satisfies RDA for all of the major vitamins and minerals except for folate and vitamin C. To be more conservative in reducing the risk of developing other micronutrient deficiency, we will supplement all subjects daily with capsules of multiple miconutrients (except for vitamin A) to match up with RDA.
Study Design: As shown in Figure 1, following selection, 64 study-subjects (32 subjects in each year) will be assigned randomly to each of the two groups. Group 1 will be supplemented with placebo capsules and Group 2 will be supplemented with capsules containing 60 mg retinol palmitate per capsule.  Four capsules will be given 5 days apart, beginning on the –35th day of the study (study days: -35, -30, -25, -20). Based on the theoretical assumption of 50% retention of vitamin A and a fractional catabolic rate of 0.5% per day of the total body vitamin A pool, it can be calculated that on study day 21 (Figure 1) the average pool size for Group 1 will be ~26 mg and that for Group 2 will be ~132 mg. 10 mg of [2H8]-retinyl acetate (1st isotope dose) will be provided orally on the study day 1 and 20 days after that, pool size will be determined on the study day: 21. It is necessary to wait 20 days following administration of the last vitamin A supplement to allow time for that dose to mix with the total body vitamin A pool. Study subjects will be provided with basal low vitamin A study diet 3-day prior to isotope administration to minimize variability in vitamin A intake. Immediately after the first 21 day isotope dilution period, subjects of Group 1 (vitamin A pool size: ~26 mg) will be randomly assigned to 1 of 8 treatment groups (n=4/group) to receive either 100, 200, 300, 400, 500, 600, 800 or 1000 (g RE/d as retinyl palmitate. Similarly subjects of Group 2 (vitamin A pool size: ~132 mg) will be randomly assigned to 1 of 8 treatment groups (n=4/group) to receive either 200, 500, 800, 1100, 1400, 1700, 2000 or 2300 (g RE/d as retinyl palmitate. Retinyl palmitate will be dissolved in corn oil in capsule form and will be provided as two capsules daily, which will be administered to subjects with their noon and evening meals for a period of 60 days (Study day: 22 to 82). After 2 months of dietary intervention, pool size will be determined again by administrating 10 mg of [2H4]-retinyl acetate (2nd isotope dose) orally (Study day 93) to determine the pool size on study day: 113. By using the same theoretical assumptions, the whole body vitamin A pool size can be calculated on the study day 83.

Rationale for selecting pool sizes on study day 21: The estimated average requirement (EAR) for vitamin A is based on the maintenance of minimum acceptable liver stores of 20 µg/g liver. With this hepatic vitamin A concentration, an estimated mean total body vitamin A pool size would be 26 mg for an average ~50 kg Bangladeshi man (assuming liver weight is ~2.4% of body weight), which represent the current recommended body store for vitamin A. The median liver vitamin A concentration of US adults, based on liver vitamin A concentrations at autopsy is 106 µg/g liver and that are not associated with toxicity (Raica et al., 1972). Which corresponds to a total body vitamin A pool size of ~180 mg (assuming liver is ~2.4% of body weight and average body weight is 70 kg). For average 50-kg Bangladeshi men, this high-level body store harmonizes with 132 mg. 
Annexation of hypothesis 1 within the same study design of the ongoing study at ICDDRB: “Estimation of Vitamin A Requirement of Adult Males”:

In our study proposal, we intend to examine some measures of innate and adaptive immune function before (Study day: 21) and after (Study day: 83) 60-day dietary intervention (Figure 1). For these immune function assessments, we are planning to collect 5 ml additional blood on the study day 21 and 83. The Institutional Review Board (IRB) of UC Davis has approved the additional blood collection protocol from the ongoing study at ICDDRB. The results of the immune function tests and pool size measurements on the study days 21 & 83 will be used to address the hypothesis1.

Sample size calculation for hypothesis 1:

The sample size for the ongoing study “Estimation of Vitamin A Requirement of Adult Males” is calculated based on the regression model. At least 3 treatment groups (levels of vitamin A intake) are needed to detect significant departures from linearity of the relationship between change in pool size and level of daily vitamin A intake, and at least 2 subjects per treatment group are needed to determine whether a given equation provides good fit. To better define the curve, 8 levels of intake, with 4 subjects for each level in 2 groups (possible extreme level of vitamin A store) are included. Thus with a total of 64 subjects, a more precise level of intake that is associated with maintaining vitamin A pool size and the variability associated with that estimate can be determined. An approximate confidence interval for the point at which the regression line y = a + b*x crosses the x-axis can be calculated from the Fisher z-transformation using mean square error of the regression, the estimated slope, the total sample size and the distance of the estimated value of the dose from the mean value of the dose. According to the theoretical calculations for vitamin A metabolism, the maintenance dose within 125 ug for group 1 and within 150 ug for group 2 can be estimated.

In our hypothesis 1, with 64 subjects, at alpha=0.05, the minimum statistical significant correlation coefficient (r), we will able to detect is 0.25 and the minimum significant variability in the change in particular immune measure (dependent variable) that can be explained by the change in total body pool size (independent variable) is 6.25%. 

Research Design for Hypothesis 2

To address our second hypothesis, we are planning to recruit 8 study subjects separately based on the same selection criteria for the above mentioned on going study at ICDDRB. That is, Bangladeshi men (20 - 35 years of age) with retinol concentrations <35 (g/100 ml, normal CRP concentration (<10mg/L) and normal clinical hematology values. We anticipate that approximately 30 subjects need to be screened for selecting 8 subjects. Following selection 8 study-subjects will be included and supplemented with capsules containing 60 mg vitamin A palmitate per capsule (Figure 2). Four capsules will be given 5 days apart (Study days: 1, 6, 11, 16). 20 ml blood will be collected before the first capsule administration (Study day 1) and the same amount of blood will again be collected 20 days following administration of the last vitamin A supplement (Study day 36). Study subjects will only visit the Center on the blood collection and the vitamin A supplementation days. 20-day stabilization period allow vitamin A to mix with the total body vitamin A pool.  The schedule for dietary supplementation and blood collection are presented in Figure 2.

Sample size calculation for hypothesis 2

Depending on the quality of rRNA from 8 study subjects, we will use a sample size of 5 subjects for the microarray studies, before and after high dose vitamin A supplementation.  Given the high cost of microarray analysis ($1,700/subject) we feel that it is prudent to test only the most extreme vitamin A levels within the same subjects.  This sample size was based on two considerations. In our mouse microarray (Affymetrix U74Av2 chip) and quantitative PCR studies we have found significant changes in several genes (IL-4, GATA-3, IL-12R, IFN-) using sample sizes of 3.  However, we also used our microarray data (2 chips with retinoid treatment, two with control) to predict our power to detect a change in expression (2-fold, pre- to post-supplementation) of a specific number of genes (25, 50, 100, 200 or 300) at p < 0.01. Using 5 DNA-chips for the assessment of pre- and post- vitamin A supplementation effect will give a power of approximately 0.80 to identify a group of between 50 and 100 differentially regulated genes.

Experimental Methods:

Specific Aim 1: 
After a 60 day, controlled feeding trial of Bangladeshi adult men who began the feeding trial with either (i) minimal vitamin A stores (~26 mg) and then received intakes from 100 to 1,000 RE/day (n = 4/diet), or (ii) high vitamin A stores (~132 mg) and then received intakes from 200 to 2,300 RE/day (n = 4/diet), determine if the following measures of adaptive and innate immunity correlate with whole body vitamin A stores: 

(1) Absolute value or change in the number of naïve CD4 and CD8 T cells. 

(2) Absolute value or change in the development of a Th2 phenotype of CD4 T-cell in the stimulated whole blood. 

(3) Absolute value or change in the number of NK cells and mature neutrophils. 

(4) Absolute value or change in the intensity of the oxidative burst by stimulated neutrophils.

Protocol:  
As shown in Figure 1, before (Study day 21) and after (Study day 83) 60-day dietary intervention, additional 5 ml blood will be collected from both groups for the following immunological assessment.

(1) In whole blood, naïve/memory T-helper cells (CD45RA+/CDRO+CD3+CD4+) and naïve/memory cytotoxic-T cells (CD45RA+/CDRO+CD3+CD8+) will be enumerated by using MultiTEST four-color reagent kits with TruCOUNT tubes (BD Bioscience) according to manufacture’s instruction in a FACSCalibur flow cytometer (BD Bioscience) with MultiSET software.

(2) Whole blood will be stimulated with PMA/Ionomycin for the flow analysis of intracellular cytokine. This method will use a four-color staining system (IL-4-PE, IFN-(-FITC, CD69-APC, CD4-PerCP) to identify CD4 T-cell responses. CD69 is an early activation marker whose expression is induced during in vitro stimulation. CD4+CD69+ T cells will be evaluated as % of IL-4+/IFN-(+ to identify freshly stimulated Th1 or Th2 response.

(3) In whole blood, NK-cells (CD3-CD16+/CD56+) will be enumerated by using MultiTEST four-color reagent kits with TruCOUNT tubes (BD Bioscience) according to manufacture’s instruction in a FACSCalibur flow cytometer (BD Bioscience) with MultiSET software. CD66b-FITC, CD33-PE and CD14-APC (BD Bioscience) will be used for the enumeration of mature (CD66b+CD33+CD14-) and immature (CD66b-CD33+CD14-) neutrophil.

(4) Whole blood will be stimulated with PMA for neutrophil oxidative burst assessment. NADPH oxidase-generated superoxide anion and the subsequent production of hydrogen peroxide by superoxide dismutase will be measured indirectly by DCF-DA oxidation (). CD11b-PE, CD14-APC (BD Bioscience) will be used for the enumeration of superoxide levels in neutrophil i.e. Relative Fluorescence of DCF as % of CD11b+CD14- cells 

Specific Aim 2: 
Determine if supplementation with high-dose vitamin A of men with low serum retinol 

(1) Increases the expression of Th2 development genes and subsequent development of a Th2 phenotype in stimulated naïve CD4 cells. 

(2) Alter the gene expression and degranulation of stimulated neutrophils.

Protocol:
As shown in Figure 2, before (Study day 1) and 20-day after the vitamin A capsule supplementation (Study day 36), 20 ml blood will be collected from 8 study subjects for the gene expression profile analysis of stimulated naïve T cell and neutrophil- using DNA-microarray. Same blood sample will be used as a source of these two types of cell at one specified time point. Microarray analysis for a particular cell type will be performed on paired samples (before and after high-dose vitamin A supplementation) from the 5 subjects with highest RNA quality and sufficient quantity (10 ug total RNA). Affymetrix GeneChip Human Genome Focus Array will be used, which represents over 8,500 verified human gene sequences from the NCBI RefSeq database.

(1) Peripheral blood mononuclear cells will be separated using Ficoll density gradient centrifugation. Naïve CD4 T cell will be purified from this mixed population of cells by immunomagnetic negative selection procedure (StemCell Technologies, Canada). These cells will be stimulated with anti-CD3 and anti-CD28 for 3 days in media using heat inactivated platelet poor autologus plasma (primary stimulation). IL-4-treatment, and a combination of IL-12 plus anti-IL-4 treatment, will be used as positive controls for Th2 and Th1 development respectively. RNA will then be extracted by using Trizol and stored as an ethanol precipitate until shipped to UC Davis within 4 months for DNA microarray analysis. 

We anticipated that 10 ug of total RNA can be purified from 4 million naïve CD4 cells (based on data from our lab). Assuming that the average CD4 count is 800/ul, that 50% of CD4 cells are naïve, and that we can recover 50% of these cells, we will need 20 ml of blood per culture. 

Parallel wells will be expanded and at day 7, cells will be restimulated (20) with PMA/Ionomycin for the flow analysis of intracellular cytokine assessment. This method will use a four-color staining system (IL-4-PE, IFN-(-FITC, CD45RA-APC, CD4-PerCP) to identify memory CD4 T-cell responses. CD4+CD45RA+ T cells will be evaluated as % of IL-4+/IFN-(+ to identify secondary stimulated Th1 or Th2 response.

(2) Neutrophil will be purified from erythrocytes and granulocytes by using dextran sedimentation following PBMC separation. Neutrophil will be stimulated with LPS for 4 hours in culture media using heat inactivated platelet poor autologus plasma. RNA will then be extracted by using Trizol and stored as an ethanol precipitate until shipped to UC Davis within 4 months for DNA microarray analysis. We predict that 5ug of total RNA will be required, that can be purified from 50 million cells (Fessler et al 2002). Assuming that the average neutrophil count is 4 million per ml blood and that we can recover 60% of these cells, we will need 20 ml 
blood per culture.
For the assessment of primary granule myoloperoxidase (MPO) and secondary granule lactoferrin (LF) pre-stimulated neutrophil with LPS will be incubated in human plasma fibrinogen coated microtiter plates. The supernatants will be collected for the assessment of the extra-cellular secretion of MPO and LF and for the intracellular assessment, the sediment of neutrophils will be solublized. Both intracellular and extracellular MPO and LF will be measured in parallel by ELISA Kit (Calbiochem, CA. USA). Degranulation will be expressed as percentage of the total amount of MPO and LF.
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. (TYPE WITHIN THE PROVIDED SPACE).  


In this proposed study we will utilize blood samples from study subjects enrolled in the ongoing USDA NRI-funded study “Estimation of Vitamin A Requirement of Adult Males” at ICDDR,B (PI: Dr. Haskell; UC Davis). The laboratory investigation will be conducted in the Immunology Laboratory of ICDDR,B including Flow phenotyping; neutrophil and naïve CD4 T-cell separation and culture; and functional assessment of neutrophil. RNA will be extracted from naïve CD4 T cells and neutrophils at ICDDR,B and then will be shipped to UC Davis within 4 months for DNA microarray analysis in the laboartory of Dr. Jeff Gregg, Pathology Department, U.C. Davis. Dr. Gregg has a cooperative agreement with the WHNRC for microarray studies.  These studies will utilize the Affymetrix system and will cost $850/chip. Stable isotope will be measured from the plasma samples at UC Davis Nutrition Department as part of Dr. Haskell’s ongoing project.


Equipment in the Immunology laboratory of ICDDR,B includes standard laboratory equipment for conducting immunologic studies, including biological safety cabinets, fume hoods, incubators, microscopes, ELISA plate readers, centrifuges, refrigerators, freezers, liquid nitrogen, and a 4-color flow cytometer (FACSCalibur, BD-Pharmingen). Space has already been committed for Dr. Haskell’s study, which will require men to stay at ICDDR,B from approximately 7 AM to 7 PM, 7 days per week.  
Figure 1: Study design for Hypothesis 1 (Specific aim 1) within the ongoing protocol at ICDDR,B 
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Figure 2: Study design for Hypothesis 2 (Specific aim 2) 
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	Required volume of blood
	Study days

	
	Hypothesis/Specific aim 1

(Figure 1; n = 64)
	5 ml
	21
	83

	
	Hypothesis/Specific aim 2

(Figure 2; n = 8)
	20 ml
	1
	36


Data Analysis


The investigators will analyse the data with the assistance of statisticians at the Program in International Nutrition (PIN), University of California Davis. USA

Table: Immune measures for Hypothesis 1 (Specific aim 1) and Hypothesis 2 (Specific aim 2) 

	Specific Aims
	Immune measures
	Study day 

	1
	(1) Naïve CD4 and naïve CD8 T-cell as % of CD3+T cells

(2) CD4+CD69+ T cells as % of IL-4+/IFN-(+
(3) NK cell and Mature neutrophil

(4) Relative Fluorescence of DCF as % of  CD11b+CD14- cells
	21
	83

	
	(5) 
	(Figure: 1)

	2
	(1) Altered gene expression in stimulated naïve CD4 T-cell and  CD4+CD45RA+ T cells as % of IL-4+/IFN-(+
(2) Altered gene expression in stimulated neutrophil and                                 % degranulation of MPO and LF
	1
	36

	
	(3) 
	(Figure: 2)


Hypothesis 1

For this hypothesis, we propose that different immune measures will correlate positively with whole body vitamin A pool size and the response will become plateau at the higher pool size. 

Change in particular immune response and change in whole body vitamin A pool size under a specified 60-day dietary intervention will be calculated from the data on study day 21 and 83 (Figure 1). Regression model will be used to determine the relationship between vitamin A pool size and particular immune measure. 

To determine if particular immune response becomes plateau at the higher vitamin A pool size- One-way ANOVA will be conducted on the dependent variable (i.e. particular immune measure) of ordered discrete categories. Next, regression of the dependent variable on the original independent variable will also be conducted. Then use of the eta-square result from the ANOVA and the R2 from the regression to calculate an F-ratio. If the F-ratio is statistically significant then it can be concluded that the relationship is nonlinear. In this model dependent variable is the particular immune measure and independent variable is the vitamin A pool size on the study day 83 (Figure 1), predicted to be broadly distributed from ~14 mg to ~173 mg. Following this analysis, two-phase linear regression model will be used to identify the vitamin A pool size for obtaining optimal response for a particular immune measure. This regression model, loop over the possible independent variables by fitting of a set of dependent variable data points with a linear-parameterized polynomial framework. For each independent variable, the average of the two sides' sums of squares of residuals (R0avg) will be calculated. Then the particular value of independent variable with the minimum R0avg and the use of two regression lines associated with that point will be the best fit for determining the minimum vitamin A pool size required for optimum response of a particular immune measure to consider. 

The ongoing study at ICDDRB “Estimation of Vitamin A Requirement of Adult Males” estimates the average daily vitamin A intake required maintaining pool size. In that analysis, the level of intake at which vitamin A pool size is maintained will be estimated by fitting a straight line to the observed data on change in pool size Vs level of daily vitamin A intake for 60 days (Figure 1; Study day 22 to 82). The point at which the line crosses the x-axis will be estimated as the level of daily vitamin A intake required maintaining that certain vitamin A pool size. An approximate confidence interval for the point at which the regression line crosses the x-axis can be calculated from the Fisher-z-transformation.

The out come of our data analysis for hypothesis 1 will be used to determine whether optimal immune response be achieved at the maintaining pool size for vitamin A. If the estimated pool sizes for immune responses differ from the 95% CI of the maintaining pool size then subjective analysis will be pursued for the achievement (or requirement in general) of particular immune response at the maintaining pool size for evaluating dietary recommendation for vitamin A. 

Hypothesis 2

DNA Microarray analysis for stimulated naïve CD4+ T cell and stimulated neutrophils will be done at the Department of Pathology, University of California Davis- by using the Affymetrix GeneChip Human Genome Focus Array, representing over 8,500 verified human gene sequences from the NCBI RefSeq database. The expression levels of mRNA on the array set will be compared between the cells obtained from pre and post administration of high-level vitamin A (Figure: 1). Affymetrix Microarray Suite (Version 5.0) software will be used for gene expression data analysis. The software includes algorithms that determine whether a gene is absent (not expressed) or present (expressed) and whether the expression level of a gene in one sample is significantly increased or decreased relative to another sample. To assess differences in gene expression, we will select genes based on a sort score value calculated by Affymetrix software by using a combination of actual values of the average differences.

A paired t test will be conducted for the assessment of IL-4+/IFN-(+CD4+CD45RA+ T cells and % degranulation of MPO and LF for the pre and post high vitamin A supplementation.
Theoretical assumptions and mathematical equations:

Whole body vitamin A pool size will be estimated using a stable-isotope dilution technique. This technique involves administering an oral dose of stable -isotopically labelled vitamin A and after a period of 20-day equilibration, the following equation will be used to evaluate the whole body vitamin A pool size: 

0.5 * dose * [0.65 e –0.005 (days since dose) {(H:D)-1}]. (Furr et. al. 1989)
The assumptions for the equation are- (a) efficiency of the storage of dose is 50% (b) ratio of the labelled to non-labelled vitamin A in plasma to liver is 0.65 (c) fractional catabolic rate is 0.5%/d of the total body pool (d) H:D is the ratio of hydrogen to deuterated retinol in the plasma after an equilibration period, and –1 corrects total liver reserves for the contribution of the administered dose to the total body pool. Although these assumptions can be challenged, in practice when compared with direct measurement of vitamin A in liver biopsy specimens and when compared with theoretical estimates of expected change in pool size in response to supplementation with known amounts of vitamin A, the equation provides a good estimate to total body vitamin A pool size for groups of subjects (Haskell et al. 1999) 

From the whole body vitamin A pool size, liver vitamin A concentration can be calculated by using the following equation (Institute of Medicine; 2002) to determine the estimated average requirement for vitamin A

Liver vitamin A reserve ((g/g) =  (A x B x C x D x E)-1 * F * 100

Where, 
A = Fractional catabolic rate of the total body pool = 0.5%; 

B = Liver weight: body weight ratio = 2.4%

C = Body weight (Av. weight is 50 kg for Bangladeshi men); 





D = Ratio of total body: liver vitamin A reserves = 1.1

E = Factor for the storage efficiency of ingested vitamin A = 2 (assuming that 50% of 

      the ingested vitamin A is retained)

F = Whole body vitamin A pool size (mg) (100 is the conversion factor)

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.

The Estimated Average Requirement (EAR) and RDA for vitamin A are based on prevention of clinical deficiency.  But a hallmark of recent community trials has been the observation that mortality from infectious diseases is dramatically reduced by vitamin A supplements even when children with clinical deficiency (xerophthalmia) are treated and excluded from these studies. Thus it is of interest to investigate the change in immune status in human with the change in vitamin A pool size and whether this change correlates with change in total body stores of vitamin A. This immune measure would serve as a functional indicator for assessing vitamin A requirements. 

 We are planning to obtain blood at two time points from the study subjects of the ongoing study “Estimation of Vitamin A Requirement of Adult Males” at ICDDRB. Collecting additional 5 ml blood of a total of 15 ml on these study days will not affect the health in any way. The Institutional Review Board (IRB) of UC Davis has approved the additional blood collection protocol from the ongoing study at ICDDRB. 

In one of our experiments we are planning to recruit 8 study subjects separately based on the low serum retinol level (same selection criteria for the ongoing protocol). Previous studies have demonstrated that it is possible to recruit men with low body stores of vitamin A based on their plasma retinol concentrations. Therefore, it is not necessary to deplete individuals of vitamin A to obtain a group of subjects with low initial vitamin A pool size (~30 mg).  Also, because the traditional diet in Bangladesh is very similar to the low vitamin A basal diet that is used in the study. Men with serum retinol concentrations <35 (g/100ml and normal CRP concentration (<10mg/L) will be eligible to participate in the study. A total of 2 blood samples each of 20 ml will be obtained during the study period. Risks of removing blood from vein include some discomfort, bruising and rarely infection and the amount of blood that will be taken will not affect the health. World Health Organization recommends supplementing children with xerophthalmia who are >12 months of age with three high-dose vitamin A capsules according to the following regimen: 60 mg on days 1 and 2, and the final 60 mg on day 14.  We are proposing to administer four 60 mg doses 5 days apart in adult males with low vitamin A body stores, which is 60 mg more than the amount of vitamin A that is recommended for children with active corneal lesions.  Because the body size of adults is much greater than that of young children, it is unlikely that the amount of vitamin A that the subjects will receive will result in any long-term adverse effects. 

There is no direct benefit associated with the study subjects but the results will benefit society in general. 

Use of Animals

Describe in the space provided the type and species of animal 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.


No animals will be used for this study.
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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 Bangladesh through a training programme.


The results of this study will be reported in relevant scientific seminars and meetings, and published in dissertation paper and international journals. This research proposal is part of the Ph.D. dissertation project for Mr. S. M. Ahmad.

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. (DO NOT EXCEED ONE PAGE)


The project will be carried out as a collaborative effort of two administrative units: The Program in International nutrition (PIN), of the Department of Nutrition, University of California Davis and the Laboratory Sciences Division of ICDDR,B. This project represents a continuation of ongoing collaborations between these two units. A training program for doctoral students funded by the Fogarty Centre at NIH is currently in place (Prof. K.H. Brown, U.C. Davis, PI) that is funding the on-campus portion of training for Mr. Shaikh M Ahmad from ICDDRB. 
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Budget Justifications


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


Mr. Ahmad is currently a doctoral student at UC Davis and will work at ICDDRB as Scientific Officer. His salary has been included in the 1st and 2nd year according to the salary structure of ICDDRB and for the 3rd year he will be appointed as 50% Research Associate (RA) position at UC Davis. Dr. Rubhana Raqib (RR) will be responsible for the overall supervision and quality assure of the laboratory investigations. Dr. Kazi Jamil (KJ) as co-investigator has been conducting NRI-funded protocol entitled “Estimation of Vitamin A Requirement of Adult Males”. 

Staff support at UC Davis and ICDDR,B will be required for personnel actions, payroll support, etc...  These activities, and off-campus indirect cost, are being provided as “in kind” contributions by both institutions.  

Materials and Supplies will be bought according to the assay protocol. Most supplies will be purchased from UC Davis and then shipped directly to ICDDRB as ordering from ICDDR,B would take longer and delay the beginning of the study.

In this proposed study we will utilize blood samples from study subjects enrolled in the ongoing study “Estimation of Vitamin A Requirement of Adult Males” at ICDDR,B to address our Hypothesis 1 (Figure 1). In the 2nd year we intend to enroll 8 study subjects to address our Hypothesis 2 and the subjects need to visit the center 5 times during the study period  (Figure 2). They will receive 250 Taka/d ($5/d) as compensation for the time they will spend at the study facility and for reimbursement of transportation costs to and from the study facility. We anticipate that approximately 30 subjects need to be screened for selecting 8 subjects. $15 per screening process will be required for reimbursement of transportation costs, time and for determining serum retinol and CRP level. Laboratory investigation for serum retinol, CRP and hematology profile will be done on cost per sample basis in the service laboratories of ICDDRB or other diagnostic centers in Dhaka city.  

Publication cost and cost for shipping materials and supplies to Dhaka from Davis are self-explanatory. A notebook computer will be purchased for Mr. Ahmad’s use in data collection, analysis, report-writing and project administration. Mr. Ahmad will be performing his dissertation research as part of this study.  Non-residence tuition fees are included for him for two quarter (at the end of second year) at UC Davis for data analysis and report writing. Mr. Ahmad’s major professor at UC Davis Dr. Stephensen will travel Dhaka once in the second years of the project to assist the progress of the studies.

APPENDIX-1

Voluntary Consent Form

University of California, Davis and

I.C.D.D.R,B: Centre for Health and Population Research


Title of the Research Project: Validating Immune Function as an Indicator of Subclinical Vitamin A Deficiency in Bangladeshi Men with Marginal and High Stores Measured by Stable Isotope Dilution

Investigators: 
Shaikh Meshbahuddin Ahmad. Immunology, LSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2413
Dr. Rubhana Raqib. Immunology, LSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2413
Dr. KMA Jamil. CSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2333

Dr. Charles Stephensen. Nutrition, UC Davis Tel: (001) 530-754-9266

Purpose

We thank you for participating in the study “Estimation of Vitamin A Requirement of Adult Males” at ICDDRB. We would like to request you to participate in another research study. Researchers at the Centre for Health and Population Research in Bangladesh and the University of California-Davis hope to learn how vitamin A modulates normal immune function.

Procedures


If you decide to volunteer for this new study, we will obtain 1 teaspoon (5 ml) additional blood sample (total of 15ml or 3 teaspoon) from a vein in your arm just before and after the two-month dietary intervention period of the previous study. For this additional blood collection, no needle will be inserted in your arm.  

Alternatives

You have the choice to not to participate in this new study.
Risks


There are no major added risks associated with the additional blood collection. 

Benefits

You will not be benefited directly from this study but this study will benefit the society in general. 

Confidentiality

The information obtained from this study will be shared between the Center for Health and Population Research in Bangladesh and the University of California, Davis.  Names and personal information will be kept confidential to protect your identity. However, absolute confidentiality cannot be guaranteed, since research documents are not protected from subpoena.

Costs/Compensation


There will be no cost to you to participate in this study. 
Right to Refuse or Withdraw


Participation in this study is voluntary.  If you decide to participate, you are free to change your mind about being in the study and quit even after the study has started.
Questions

If you have any questions, please ask us.  If you have additional questions later, Dr. Rubhana, Mr. Ahmad, Dr. Jamil, Dr. Stephensen or one of their assistants will answer them. Dr. Rubhana, Mr. Ahmad and Dr. jamil can be reached at ICDDR,B. Mohakhali, Dhaka, Tel. 8811751-60. Dr. Stephensen can be reached at 3235 Meyer Hall, UC Davis, Davis, CA 95616, Tel.  001-530-754-9266.


Consent

YOUR WRITTEN CONSENT BELOW, WILL INDICATE THAT YOU HAVE DECIDED TO VOLUNTEER AS A RESEARCH SUBJECT AND THAT YOU HAVE UNDERSTOOD THE INFORMATION PROVIDED ABOVE.

Name of participant (print):  ________________________________________ 

Signature or thumbprint of participant:
Date_________________

Name of investigator (print): __________________________________  

Signature of investigator:_______________________________     Date__________________

Name of witness (print):  ___________________________________

Signature of witness: _____________________________________     Date__________________

APPENDIX-2

Voluntary Consent Form

University of California, Davis and

I.C.D.D.R,B: Centre for Health and Population Research


Title of the Research Project: Validating Immune Function as an Indicator of Subclinical Vitamin A Deficiency in Bangladeshi Men with Marginal and High Stores Measured by Stable Isotope Dilution

Investigators: 
Shaikh Meshbahuddin Ahmad. Immunology, LSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2413
Dr. Rubhana Raqib. Immunology, LSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2413
Dr. KMA Jamil. CSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2333

Dr. Charles Stephensen. Nutrition, UC Davis Tel: (001) 530-754-9266

Purpose


You are being asked to participate in a screening procedure to determine whether you are eligible to participate in a research study. Researchers at the Centre for Health and Population Research in Bangladesh and the University of California-Davis are planning to conduct a research study to learn how vitamin A modulates normal immune function. We are conducting this screening procedure to identify volunteers with blood levels of vitamin A within the range of levels required for the research study.

Procedures


If you decide to participate in this screening procedure to determine whether you are eligible for the study, you will be asked to report the Centre for Health and Population Research at 7:00 am after a 12-hour overnight fast to have a blood sample obtained from a vein in your arm. The blood sample will be obtained by inserting a needle in the vein in your arm and 1 teaspoons of blood (5 mL) will be removed for measurement of your blood vitamin A level.  A physician will also ask you a few questions about your current state of health and your medical history.  After the blood sample is obtained you will receive a light breakfast.  We will let you know within 2 weeks whether or not you are eligible for the research study.  If you are eligible for the study and are interested in participating, we will explain the study procedures to you in detail at that time.  Your participation in this screening procedure does not obligate you in any way to participate in the main research study.
Alternatives

You have the choice to not to participate in the study.
Risks

There are no major risks associated with your participation in this screening procedure. Risks of removing blood from a vein in your arm include some discomfort, bruising, dizziness and rarely infection. The amount of blood that will be taken will not affect your health in any way.  
Benefits

No direct benefit to you is anticipated from participating in this screening procedure. 

Confidentiality

The information obtained from this screening procedure will be shared between the Center for Health and Population Research in Bangladesh and the University of California, Davis. Names and personal information will be kept confidential to protect your identity. However, absolute confidentiality cannot be guaranteed, since research documents are not protected from subpoena.

Costs/Compensation


There will be no cost to you to participate in this study.  You will receive 170 Taka as compensation for the time you will spend at the study facility and for reimbursement of your transportation costs to and from the Center for Health and Population Research.  If you are injured as a direct result of research procedures, you will receive reasonably necessary medical treatment at no cost. 

Right to Refuse or Withdraw


Participation in this screening procedure is voluntary.
Questions

If you have any questions, please ask us.  If you have additional questions later, Dr. Rubhana, Mr. Ahmad, Dr. Jamil, Dr. Stephensen or one of their assistants will answer them. Dr. Rubhana, Mr. Ahmad and Dr. jamil can be reached at ICDDR,B. Mohakhali, Dhaka, Tel. 8811751-60. Dr. Stephensen can be reached at 3235 Meyer Hall, UC Davis, Davis, CA 95616, Tel.  001-530-754-9266

Consent

YOUR WRITTEN CONSENT BELOW, WILL INDICATE THAT YOU HAVE DECIDED TO VOLUNTEER AS A RESEARCH SUBJECT AND THAT YOU HAVE UNDERSTOOD THE INFORMATION PROVIDED ABOVE.

Name of participant (print):  ________________________________________ 

Signature or thumbprint of participant:
Date___________________

Name of investigator (print): ________________________________________    

Signature of investigator:___________________________________________    Date__________________

Name of witness (print):  ___________________________________________    

Signature of witness: ______________________________________________    Date__________________

APPENDIX-3

Voluntary Consent Form

University of California, Davis and

I.C.D.D.R,B: Centre for Health and Population Research


Title of the Research Project: Validating Immune Function as an Indicator of Subclinical Vitamin A Deficiency in Bangladeshi Men with Marginal and High Stores Measured by Stable Isotope Dilution

Investigators: 
Shaikh Meshbahuddin Ahmad. Immunology, LSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2413
Dr. Rubhana Raqib. Immunology, LSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2413
Dr. KMA Jamil. CSD, ICDDR,B Tel: (880-2) 8811751-60 ext. 2333

Dr. Charles Stephensen. Nutrition, UC Davis Tel: (001) 530-754-9266
Purpose

You are being requested to participate in a research study. Researchers at the Centre for Health and Population Research in Bangladesh and the University of California-Davis hope to learn how vitamin A modulates normal immune function.

Procedures


If you decide to volunteer for the study, you will be requested to report at the study facility of the Centre for Health and Population Research at 8:00 am after overnight fast to have a blood sample obtained from a vein in your arm. A needle will be inserted in the vein and 4 teaspoons of blood (20 mL) will be removed. After collection of blood, you will receive a total of four oral doses of vitamin A (60 mg in each capsule) and these doses will be given at 5 days apart. You will be asked to report at the study facility for the oral capsule supplementation. Three weeks after the last oral vitamin A supplementation, we will again obtain a blood sample from a vein in your arm. A needle will be inserted in the vein and 4 teaspoons of blood (20 mL) will be removed.
Alternatives

You have the choice to not to participate in the study.
Risks


There are no major risks associated with your participation in this study.  Risks of removing blood from a vein in your arm include some discomfort, bruising, dizziness and rarely infection.  The amount of blood that will be taken will not affect your health in any way. It is possible that you may experience some side effects temporarily during the first day after taking a high dose capsule (60 mg) such as headache, nausea or vomiting. However, these side effects generally occur in a small number of people who receive high-dose supplements (less than 5%) and do not result in any long-term health problems.  

Benefits

You will not be benefited directly from this study but this study will benefit the society in general. 

Confidentiality

The information obtained from this study will be shared between the Center for Health and Population Research in Bangladesh and the University of California, Davis.  Names and personal information will be kept confidential to protect your identity. However, absolute confidentiality cannot be guaranteed, since research documents are not protected from subpoena.
Costs/Compensation


There will be no cost to you to participate in this study besides ‘time’. You will receive 170 Taka/day as compensation for the time you will spend at the study facility and for reimbursement of your transportation costs to and from the Center for Health and Population Research. The compensation will be provided to you on the day of your every visit to the center (total 5 visits). During any side effects or injury occurring as a result of the intervention, you will receive reasonably necessary medical treatment at no cost. 

Right to Refuse or Withdraw


Participation in this study is voluntary.  If you decide to participate, you are free to change your mind about being in the study and quit even after the study has started.

Questions

If you have any questions, please ask us.  If you have additional questions later, Dr. Rubhana, Mr. Ahmad, Dr. Jamil, Dr. Stephensen or one of their assistants will answer them. Dr. Rubhana, Mr. Ahmad and Dr. jamil can be reached at ICDDR,B. Mohakhali, Dhaka, Tel. 8811751-60. Dr. Stephensen can be reached at 3235 Meyer Hall, UC Davis, Davis, CA 95616, Tel.  001-530-754-9266) 

Consent

YOUR WRITTEN CONSENT BELOW, WILL INDICATE THAT YOU HAVE DECIDED TO VOLUNTEER AS A RESEARCH SUBJECT AND THAT YOU HAVE UNDERSTOOD THE INFORMATION PROVIDED ABOVE.

Name of participant (print):  ________________________________________ 

Signature or thumbprint of participant:
Date___________________

Name of investigator (print): _______________________________________    

Signature of investigator: ___________________________________________    Date__________________

Name of witness (print):  ___________________________________________    

Signature of witness: ______________________________________________    Date__________________

.







 4 X 60 mg  RA (n = 8) 





1st isotope


Dose





2nd isotope


Dose








Group1: 4 X Placebo (n = 32)


Group2: 4 X 60 mg RA (n = 32)





(n=4/group)


Group1: 100, 200, 300, 400, 500, 600, 800 or 1000 (g RA/d


Group2: 200, 500, 800, 1100, 1400, 1700, 2100 or 2300 (g RA/d








Plasma 


retinol 





Plasma 


isotopic 


ratio





Plasma isotopic ratio 


& plasma retinol








     Study subject selection 


    Usual home diet 


    Study diet (Low vitamin A + other nutrient supplement)


    Study diet + retinyl palmitate (different dose/day) 











�PAGE \# "'Page: '#'�'"  ��Include it in the 2nd figure or may be make a flow sheet for all the assays with the required blood volume.





PAGE  
32

