
Association of vitamin A deficiency with decrease in TNF-α
expressing CD3-CD56+ NK cells in Ghanaians

Yi Jiang1, Francis Obuseh1, William Ellis2, Chandrika Piyathilake3, and Pauline Jolly1,4

1 Department of Epidemiology, University of Alabama at Birmingham, Birmingham, AL

3 Nutrition Sciences – Nutritional Biochemistry and Genomics, University of Alabama at Birmingham,
Birmingham, AL

2 Department of Biochemistry, Kwame Nkrumah University of Science and Technology (KNUST), Kumasi,
Ghana

Abstract
Although low plasma vitamin A concentrations are associated with increased incidence or severity
of infections such as respiratory tract infection and measles in children, there is a paucity of data on
the effect of vitamin A deficiency on the distribution of, and cytokine production by, the different
cellular immune subsets in humans. We conducted a cross-sectional study in a district in Ghana to
characterize cellular subsets and functional capacity of peripheral blood mononuclear cells from
vitamin A deficient and vitamin A sufficient (normal) individuals, and evaluated the relationships
between vitamin A concentration in plasma and cellular immune status. We measured the percentages
of selected cellular phenotypes and intracellular cytokine expression and describe the differential
cellular subset distributions and alterations in cytokine expression in participants with normal and
deficient vitamin A concentrations. The major change observed in the constitution of cellular subsets
was a decrease in TNF-α expressing CD3-CD56+ NK cells in those with vitamin A deficiency
compared with normal individuals. CD4+ T cell proliferation and production of IFN-γ and IL-4 were
not statistically different between the two groups. These results support previous studies that
demonstrated decreased NK cell activity in vitamin A deficient animals. The decrease in TNF-α
expressing NK cells observed in vitamin A deficient individuals in this study could help to explain
the decreased resistance to infections observed in those with vitamin A deficiency.
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1. Introduction
Vitamin A deficiency is one of the world’s major malnutrition problems. An estimated 124
million children are vitamin A deficient and are at higher risk of death from infectious diseases
[1]. Studies in humans and evidence from animal experiments show that there is an association
between vitamin A status and immune function [2]. The immune efficacy of vitamin A
supplementation on infection rates has been examined in several randomized, double-blind,
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placebo-controlled trials of malnourished children in various developing countries [3–6].
Providing vitamin A supplements to malnourished children has been found to reduce mortality
associated with measles and diarrhea [3–4] but not pneumonia [4–6]. These studies do not,
however, provide insight into how vitamin A supplementation results in decreased morbidity
and mortality associated with measles or diarrheal infections.

Experiments using animals suggest that deficiency of vitamin A and related retinoids modulate
many different immune response elements. These include inhibition of mitogen-stimulated T-
cell proliferation [7–9], antigen-specific antibody production [10], and the ability to produce
immunoglobulins IgA and IgG [11–12]; reduction in the ability of CD4+ T cells to provide B-
cell stimulus for antigen–specific IgG1 responses [12]; limitation of Th-2-type cytokine-gene
expression [13]; decrease in ability of neutrophils to phagocytose infectious organisms and
generate active oxidant molecules [14]; and reduction in the resistance to several infectious
organisms [9–10]. Although much data are available from animal studies on the association
between vitamin A status and impaired immune function, there is a paucity of data on the effect
of vitamin A deficiency on the distribution and function of different cellular subsets in the
human immune system. This information is urgently needed, especially as immune suppression
is a significant global health problem, and immune suppressive/immune modulating diseases,
such as human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS),
malaria, measles, and parasitic infections are rampant in developing tropical countries or the
world where millions of people experience chronic nutritional deficiency. We examined the
relationship between plasma vitamin A concentration and the percentages of different immune
cellular subsets and intracellular cytokine expression in humans in order to better define the
role of vitamin A in immune function.

Thus, we measured plasma vitamin A concentrations, characterized cellular subsets and
intracellular cytokine expression in peripheral blood mononuclear cells (PBMCs) of study
participants and evaluated the relationship between vitamin A concentration and the
distribution and potential cytolysine activity of cellular subsets. We found an association
between vitamin A deficiency and a decrease in TNFα-expressing CD3-CD56+ NK cells. This
is the first report of this association in the humans and is a significant finding that will contribute
to advancement of the study of vitamin A deficiency and impairment of immune function.

2. Materials and Methods
2.1. Study population

The study population consisted of a 56 adults from the Ejura Sekyedumase district in the
Ashanti Region of Ghana. The Institutional Review Board of the University of Alabama at
Birmingham (UAB) and the Medical School Ethics Committee of the Kwame Nkrumah
University of Science and Technology (KNUST), Kumasi, Ghana, gave approval for the study.
Since serum retinol decreases transiently during the acute phase response and can thus interfere
with the use of serum retinol as an indicator of vitamin A status [15–16], those with acute
illness were excluded from participation. After written informed consent was obtained, a 20
ml blood sample was taken by venipuncture from each participant in EDTA vacutainer tubes
and separated into plasma and PBMCs (17). The plasma was stored at −80°C. Peripheral blood
mononuclear cells were separated by Ficoll-Paque (Amersham Pharmacia Biotech,
Piscataway, NJ) density centrifugation and stored in Cell Freezing Medium II (Atlanta
Biologicals, Norcross, GA) in liquid nitrogen [17]. These samples were shipped to UAB for
analysis. Plasma samples were used for determination of vitamin A, vitamin E, hepatitis B
virus (HBV) surface antigen (HBsAg), hepatitis C virus (HCV) antibody and malaria antibody
and antigen. PBMCs were used for determination of percentages of different leukocyte subsets.
These methods are detailed below.
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2.2. Simultaneous determination of vitamins A and E in plasma
A modified version of the high performance liquid chromatography (HPLC) procedure
developed by Stacewicz-Sapuntzakis et al. [18] was used to measure both vitamins A and E in
plasma. The HPLC system included a 150 × 3.9 mm Nova-pak C18 (4 microns) column with
a guard pak pre-column (both from Waters, Milford, MA), Waters Millipore TCM column
heater, Waters 490 multi-wavelength detector, Hitachi 655–61 processor, Hitachi 655A-11
liquid chromatography, and BioRad autosampler AS-100. The mobile phase consisted of
methanol/acetonitrile/methylene chloride (50:45:5, v/v/v; Mallinckrodt Specialty Chemical
Co., Paris, KY) run at 1 ml/min. Vitamin A (all trans retinoic acid) was obtained from Sigma
Chemical Co. (St. Louis, MO), and vitamin E (dl-alpha tocopherol) and tocol were obtained
from Hoffmann-La Roche Inc. (Nutley, NJ). Tocol is a tocopherol derivative that is used as an
internal standard to correct for any loss in retinol and tocopherol during the extraction procedure
because it is well separated from retinol under normal phase conditions. In preparation of the
standards, vitamins A and E were dissolved in ethanol and concentrations were measured at
325 nm and 292 nm, respectively using a programmable multi-wavelength detector (Waters
490). Tocol was dissolved in ethanol (0.3 μg/ml). All procedures were performed in subdued
yellow light. Fresh standards were prepared for each assay and standard curves were
constructed by plotting peak heights against the concentrations of vitamin standards.

Plasma samples from study participants were thawed and 200 μl of each placed in a test tube,
100 μl of the internal standard (tocol) and 100 μl ethanol for protein precipitation were added
and the tubes were vortexed for 2 minutes. For extraction, 1 ml of hexane (EM Science, Cherry
Hill, NJ) was added and the mixture was vortexed for 5 minute and centrifuged at 8000 RPM
for 10 minutes. The top hexane layer was carefully removed with a Pasteur pipette into another
microcentrifuge tube and dried using a rotary speed-vac concentrator/evaporator (Savant
Instrument Inc, Farmingdale, NY) heated to 37°C for 25 minutes. The residue was dissolved
in 200μl mobile phase and votexed for 30 seconds. Twenty microliters of this extract was
injected for chromatographic analysis.

Tocol internal standard was used to determine the percentage recovery in samples. For quality
control, pooled normal human plasma samples were divided into two portions of high and low
concentration for vitamin A and E and prepared for analysis in the same manner as the patient
samples. These were run in each assay. Evaluation of the laboratory performance was assessed
by comparing the results of the quality control samples with the mean and standard deviations
(SD) calculated from the results of several runs of the assay. The run was rejected if any value
fell outside the range of ± 2 SD from the mean.

2.3. Test for antibodies to HBV surface antigen
Antibody to HBV surface antigen (HBsAg) in plasma samples was determined using the Bio-
Rad Enzyme Immunoassay according to the manufacturer’s directions (Bio-Rad, Redmont,
WA, USA). A sample was considered initially reactive for anti-HBs if the absorbance value
was greater than or equal to the mean absorbance value of the negative controls plus 0.07
according to the manufacturer’s instructions. Positive samples were determined by repeated
reactivity in duplicate tests.

2.4. Test for HCV antibody in plasma
Qualitative detection of antibody to HCV in plasma was conducted using the Abbott HCV
Enzyme Immunoassay according to the manufacturer’s directions (Abbott Laboratories,
Abbott Park, IL, USA). Test samples with an optic density (OD) greater than or equal to the
mean absorbance of the negative controls plus 0.25 times the mean absorbance of the positive
controls were considered initially reactive by the criteria of ABBOTT HCV EIA 2.0. Positive
samples were determined by repeated reactivity in duplicate tests.
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2.5 Determination of malaria antigen and antibody in plasma
To determine malaria infection, we conducted a Malaria Antigen Celisa assay (Cellabs Pty
Ltd., Brookvale, Australia). This is a monoclonal antibody-based assay specific for detection
of a P. falciparium merozoite antigen that circulates for up to 14 days post-infection in the
plasma. The assay detects P. falciparum infection at parasitemias as low as 0.001% and has a
sensitivity of 98% and a specificity of 96%. A test for malaria antibody in plasma using a
Malaria Antibody ELISA (DIA.PRO Diagnostic Bioprobes Srl, Milano, Italy) was also
conducted. These microplates were coated with purified recombinant proteins of P.
falciparum and P. vivax that account for approximately 80% and 15% of all cases of malaria,
respectively, worldwide. This test has a sensitivity of 98% and a specificity of 98% on plasma
and sera.

2.6. Determination of percentages of leukocyte immunophenotypes using flow cytometry
The percentages of T cells (CD3+), subsets of T cells (CD4+ and CD8+), B cells (CD19+),
NK cells (CD3-CD56+) and macrophages (CD14+) were measured by flow cytometry. CD8
+ T cell subset classification has been proven useful in monitoring the immune system in several
clinical situations [19,20]. Therefore, we classified CD8+ T cell subsets into naïve (CD8
+CD45RA+CD27+), memory (CD8+CD45RA-CD27+) and CTL effector (CD8+CD45RA
+CD27-) cells by flow cytometry. Subtypes of NK cells CD3-CD56+CD16+ and CD3-CD56
+CD16- were also determined.

PBMCs were incubated with combinations of fluorescein FITC-, PE-, PerCP-labeled
monoclonal antibodies against CD3 (clone SK7), CD4 (clone RPA-T4), CD8 (clone SK1),
CD14 (clone MδP9), CD16 (clone 3G8), CD19 (clone 4G7), CD27 (clone MT271), CD45RA
(clone HI100), and CD56 (clone NCAM16.2) (BD PharMingen, San Diego, CA) for 30 min
at 4°C [21]. Isotype-matched irrelevant FITC-, PE-, and PerCP-labeled MAbs (BD
PharMingen, San Diego, CA) were used as controls in the experiments. After washing the cells
three times in PBS, cell fluorescence for each phenotype was analyzed using Becton Dickinson
FACS and CELLQuest software.

2.7. Determination of cytokine production by CD4+, CD8+ and CD3-CD56+ cells
CD4+ T helper cell (TH) and CD8+ T cell cytokine profiles (IL-4, IFN-γ) were assessed by
flow cytometric detection of mitogen-induced intracellular cytokines. CD8+ T cell cytokine
production (perforin and granzyme A) was measured by intracellular cytokine staining and
multi-parameter flow cytometry [22–24]. Also, the presence of intracellular cytokines perforin
and TNF-α expression in phenotypically defined NK cells (CD3-CD56+) was examined.

For intracellular cytokine staining, PBMCs (1×106) were placed in 12×75 mm tissue culture
tubes containing 2 ml of medium containing 0.5 μg each of CD28 and CD49d monoclonal
antibodies and phorbol-12-myristate-13-acetate (PMA, Sigma, St. Louis, MO). These cultures
were incubated at 5-degree slants at 37°C in a humidified 5% CO2 atmosphere for 6 hours. In
the last 5 hour, 10 μg/ml of the Golgi inhibitor, Brefeldin A (Sigma, St. Louis, MO) was added.
After incubation, the cells were collected in phosphate-buffered saline (PBS) and washed once
with cold PBS containing 1% bovine serum albumin (BSA). Cells were then re-suspended in
100 μl of staining buffer (PBS supplemented with 0.1% sodium azide and 1% FBS pH 7.4)
and the phenotypic monoclonal antibodies (CD3, CD4, CD8, and CD56) and incubated at 4°
C for 30 mins. After staining, the cells were washed with staining buffer and fixed in 1 ml of
fix/perm buffer (BD PharMingen, San Diego, CA) for 30 mins at 4°C. The cells were then
washed with perm staining buffer (BD PharMingen) and incubated with cytokine antibodies
(anti-IFN-γ, clone 4S.B3; anti-IL-4, clone 8D4-8; anti-perforin, clone 8G9; anti-granzyme A,
clone CB9 and anti-TNF-α, clone MAb 11) (BD PharMingen) in the presence of perm staining
buffer for 30 mins at 4°C. After washing with perm buffer, immunophenotypic patterns were
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investigated using a Becton Dickson FACS with CELLQuest software. At least 10,000 events
were acquired and positive cells were expressed as percentages among the different subsets
(CD4+, CD8+, CD3-CD56+).

2.8. Determination of CD4 lymphoproliferative response
CD4+ T cells proliferation was measured using bromodeoxyuridine (BrdU; Sigma, St. Louis,
MO) incorporation assay by flow cytometry [25]. PBMCs (1×106) were placed in 12×75 mm
tissue culture tubes containing 2 ml of medium with or without pytohemagglutinin (PHA)
(Sigma, St. Louis, MO). These cultures were incubated at 37°C in a humidified 5% CO2
atmosphere for 3 days. BrdU was added to the cultured cells at a final concentration of 40
μM, 16 h before the end of the 3-day incubation period. After incubation, cells were collected
and stained with an anti-BrdU MAb (clone B44) conjugated to FITC (BD PharMingen)
together with a PE-coupled anti-CD4 MAb in the presence of DNase (Sigma). Thereafter, the
frequency of CD4+ T cells with BrdU incorporation was measured by flow cytometry with
CELLQuest software.

2.9. Determination of monocyte phagocytic function
We examined phagocytosis of peripheral blood monocytes by flow cytometry using the method
of Steinkamp et al., [26] with some modifications. The concentration of cell suspension was
adjusted to 4 × 106 cells/ml in medium without serum. Fluorescent latex particles (2.5% latex
solids, 2.0 μm in diameter; Polyscience, Warrington, PA) were diluted 10 times with RPMI
1640 media and 4 μl of the suspension of these particles added to 1 ml of cell suspension. The
mixture was allowed to react at 37°C for 90 min with gentle shaking in a water bath. The cells
were then washed three times with cold PBS (pH 7.4) to terminate the reaction and stained
with PE-labeled anti-CD14 MAb. The final pellet was re-suspended with PBS and the
percentage of CD14+ cells with phagocytosed fluorescent particles was measured by flow
cytometry. The phagocytic rate, which represents the percentage of cells with ingested particles
relative to the total number of CD14+ cells, was determined.

2.10. Statistical analysis
Data were entered and analyzed using Windows SPSS version 10.0 and expressed as the means
± SD. An unpaired t test was used to compare two groups when the variances were equal or
the Mann-Whitney U test when the variances were unequal. Both the univariate and
multivariate statistical methods were employed to assess correlation. Associations between
continuous variables were examined using Pearson’s correlation coefficient, a P value of <0.05
was considered statistically significant.

3. Results
3.1. Vitamin A concentrations and demographic characteristics of study participants

Study participants ranged in age from 19 to 86 years, with a mean of 43.7 ± 18.3 years (Table
1). The median vitamin A concentration for the total group was 20.39 μg/dL, the mean was
22.22 ± 1.07 μg/dL, and the range 8.3–48.7 μg/dL. Participants were categorized as having
normal vitamin A concentration (≥20 μg/dL), moderate vitamin A deficiency (10 μg/dl to <20
μg/dL) or severe vitamin A deficiency (<10 μg/dL) [27]. Two of the study participants (3.6%)
had severe vitamin A deficiency with vitamin A concentrations of 8.3 μg/dL and 9.4 μg/dL
respectively, 25 (44.6%) had moderate vitamin A deficiency (mean 16.81 ± 2.65 μg/dL, range
11.7–19.96 μg/dL), and 29 (51.8 %) had normal vitamin A concentrations (mean 27.8± 7.00
μg/dL, range 20.1–48.7 μg/dL). Thus, approximately 48% of participants had severe or
moderate vitamin A deficiency. Fifty of the 56 participants had deficient vitamin E levels (<0.5
mg/dL; Table 1). Sixteen percent of participants were positive for HBV infection, 11 percent
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for HCV infection and 18% were positive for malaria antigen indicating current or very recent
infection. All participants were positive for malaria antibody. Study participants were divided
into normal (≥20 μg/dL) and deficient vitamin A groups (<20 μg/dL) for analysis of immune
cell subsets. The two groups did not differ significantly with regard to age and gender.

3.2. Association of percentages and function of leukocytes with vitamin A concentration
When immune cellular subsets of the study group were examined according to normal or
deficient vitamin A concentrations, we found that the vitamin A deficient group had non-
significant decreases in the percentages of CD3+, CD4+, CD8+, CD14+, CD19+, CD8+CD27-
CD45RA+and CD3-CD56+ cells compared with the normal vitamin A group (Figure 1).

The percentage of IFN-γ expressing CD4+ T cell was lower in the vitamin A deficient group
(mean ± SD =6.73 ± 4.54) compared with the normal vitamin A group (mean ± SD =10.27 ±
10.39; Table 2) but this difference was not statistically significant (P = 0.121). Both groups of
participants demonstrated a Th1 profile and the IFN-γ: IL-4 ratio in the vitamin A deficient
group was 2.52:1 compared with 3.78:1 in those with normal vitamin A concentrations. No
statistically significant difference in lymphoproliferative response of CD4+ T cells was
observed between the two groups.

When the mean percentages of CD8+ T cells expressing IFN-γ were compared for the two
groups, the percentage of IFN-γ expressing CD8+ T cells was significantly lower in the vitamin
A deficient group (13.07±7.76) compared to the normal group (19.51 ± 10.00.)(P = 0.041)
(Table 2). By contrast, the percentage of IL-4 expressing CD8+ T cells in the vitamin A
deficient participants was slightly higher compared to participants with normal vitamin A
concentrations but the difference was not statistically significant.

When CD8+ cells were analyzed for the presence of intracellular perforin and granzyme A
without stimulation, we found that the percentages of CD8+ T cells containing perforin, and
granzyme A were slightly lower (but not statistically significant) in participants with vitamin
A deficiency compared with those with normal vitamin A concentrations (Table 2).

In our study group, the percentage of CD3-CD56+ NK cells was 4.27 ± 3.13 % (median = 3.77,
range, 1–17 %). The vitamin A deficient group of participants had a slightly lower percentage
of NK cells compared to the sufficient vitamin A group. The percentages of CD3-CD56+CD16-
(primarily CD56brightsubset) and CD3-CD56+CD16+ (primarily CD56dimsubset) were not
different between the two groups (Figure 1).

When perforin and TNF-α expressing CD3-CD56+ NK cells were measured in the two groups,
we found a significant decrease in the percentage of TNF-α expressing CD3-CD56+ NK cells
in the vitamin A deficient group (12.24 ± 6.66%) compared to the normal group (19.03 ±
10.56%)(P = 0.009) (Table 2; Figure 2). The percentages of perforin expressing NK cells were
not different between the two groups.

There was no difference in the phagocytic rates between the two groups, and no relationship
between the phagocytic rates and vitamin A concentrations (Table 2).

3.3. Univariate and multivariate analysis for correlation of vitamin A with demographic and
immune variables

Several factors (age, gender, vitamin E levels, percentages of T and B cells and other immune
parameters) were examined for correlation with vitamin A concentration using univariate
analysis. We found that low vitamin E level (Pearson correlation=0.356, P = 0.010) and low
percentage of TNF-α expressing NK cells (Pearson correlation =0.384, P =0.006) were
significantly associated with vitamin A deficiency. Multiple linear regression analyses that
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included each of the variables showed that these two parameters remained significantly related
to vitamin A deficiency. After adjusting for vitamin E level there was still a strong association
between the percentage of TNF-α expressing NK cells and vitamin A concentration (coefficient
= 0.328, P = 0.025). We also conducted multiple linear regression analysis with TNF-α
expressing NK cells as the dependent variable after adjusting for other immunity parameters
and found a significant association between the percentage of TNF-α expressing NK cells and
vitamin A concentration (coefficient =0.259, P = 0.026).

4. Discussion
Vitamin A deficiency increases susceptibility to diseases. Animal studies have shown that
vitamin A deficiency impairs both humoral and cellular mediated immunity [7–14]. There have
been few reports on the potential role of vitamin A deficiency in modifying the peripheral
distribution of lymphocyte subsets in humans. The main observations in the studies of Semba
et al. [28] were that children with xerophthalmia had lower ratios of helper to suppressor
lymphocytes, and lower proportions of the naïve subset of helper T cells than children with
normal vitamin A concentrations. In this cross-sectional study we showed non-significant
decreases in percentages of the CD3+, CD4+, CD8+, CD14+ and CD19+ cells in vitamin A
deficient participants. Other investigators have shown a reduced frequency of T helper cells in
vitamin A-deficient mice [11], however, T cell numbers were not markedly altered. Although
a small reduction in the relative number of T cells has been reported in vitamin A deficient
children [28], significant reductions have not been observed in mice [29] or rat [30–31], even
when functional responses were greatly impaired.

In animals, changes in vitamin A status or the administration of natural or synthetic retinols
have been shown to significantly affect T-cell functions [32]. However, the effects of vitamin
A status on T cell function in humans are not clearly defined. Moreover, epidemiological
evidence is scarce regarding a relationship between vitamin A status and T cell function in
humans. A signal report suggested a positive association between plasma retinol concentration
and delayed-type hypersensitivity in the elderly [33], while other studies did not find any
relationship between plasma retinol concentrations and T cell function [34–35]. In this study,
there were no statistical differences in the means of the lymphocyte, monocyte, or NK cell
subsets between the vitamin A deficient and normal groups except in the proportions of IFN-
γ expressing CD8+ T cells and TNF-α expressing NK cells. Vitamin A-deficient participants
were more likely than those with normal vitamin A concentrations to have lower percentages
of IFN-γ expressing CD8+ T cells and TNF-α expressing NK cells. However, by univariate
analysis, only the percentage of TNF-α expressing NK cells showed a significant association
with vitamin A concentration. Using multiple linear regression analysis we found that the low
percentage of TNF-α expressing NK cells was strongly associated with a lower plasma vitamin
A concentration after adjusting for other variables.

NK (CD3-CD56+) cells comprise about 5–20% (~15%) of all circulating lymphocytes in
humans [36–39]. Although the range of NK cells in our study participants was 1–17%, the
mean percentage of these cells was lower than the reported mean. This may be due to
heterogeneity [40–41] and overall health in different populations as well as variability in the
methodologies used. NK cells can kill target cells recognized through their NK receptors, as
well as cells coated with specific antibody which binds to the NK cell Fc receptor [42]. Upon
contact with their targets, NK cells degranulate and release a pore-forming protein, perforin,
into the intercellular spaces resulting in colloid-osmotic injury to the target. Besides perforin,
granzymes, TNF and Fas also are involved in NK-mediated target cell killing. NK cells also
produce cytokines such as interferon-γ, TNF, and GMCSF and therefore also help in the defense
against bacterial, protozoan and fungal infections through activation of phagocytic cells.
Moreover, NK cells are thought to play an important role in tumor-immune surveillance. In
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this study, we did not find any association between perforin expressing NK cells and vitamin
A deficiency. However, vitamin A deficiency was associated with a relatively lower proportion
of TNF-α expressing NK cells. Several studies in experimental animal models have
demonstrated that vitamin A deficiency decreases NK cell lytic activity [43]. Our study in
humans supports this finding and provides initial evidence to justify further investigations on
the effect of vitamin A on NK cell function.

In conclusion, we describe the differential subset distributions between vitamin A deficient
and sufficient individuals as well as cytokine expression in specific lymphocyte subsets. The
major change in the constitution of lymphocyte subsets is a decrease in TNF-α expressing CD3-
CD56+ NK cells in individuals with vitamin A deficiency compared to those with normal
vitamin A concentrations. The results obtained indicate that there are alterations in cellular
immunity in vitamin A deficient participants which could decrease host resistance to infections.
These findings should be considered exploratory, given the cross-sectional design of this study
and because each variable was subjected to multiple comparisons. Also, it is important to
recognize that because of the limited sample size, the study may not have been powered to
identify other immune parameters potentially associated with vitamin A deficiency. Further
clarification of these other possible immune correlates of vitamin A deficiency might be
afforded by additional investigation.
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List of Abbreviations
BrdU  

5-bromo-2-deoxyuridine

BSA  
Bovine serum albumin

DNase  
Deoxyribonuclease

FACS  
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Fluorescent-activated cell sorting

FBS  
Fetal bovine serum

FITC  
Fluorescein isothiocyanate

GMCSF  
Granulocyte-macrophage colony-stimulating factor

HBsAg  
Hepatitis B surface antigen

HBV  
Hepatitis B virus

HCV  
Hepatitis C virus

HIV/AIDS  
Human immunodeficiency virus/Acquired immune deficiency syndrome

IFN-γ  
Interferon gamma

IgA  
Immunoglobulin A

IgG  
Immunoglobulin G

IL-4  
Interleukin 4

MAbs  
Monoclonal antibodies

NK cells  
Natural killer cells

PBMC  
Peripheral blood mononuclear cells

PBS  
Phosphate buffered saline

PE  
Phycoerythrin

PerCP  
Peridinin Chlorophyll Protein

Th-2  
T helper cell type 2

TNF-α  
Tumor necrosis factor alpha
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Figure 1.
Percentages of leukocyte immunophenotypes in relation to vitamin A concentration. The mean
percentages of various leukocyte subsets (CD3, CD4, CD8, CD8+CD27-CD45RA+, CD19,
CD3-CD56+, CD3-CD56+CD16-, and CD14 cells) were determined and examined according
to vitamin A concentration. There were no significant differences in leukocyte subsets between
the vitamin A deficient and normal groups.
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Figure 2.
Flow cytometric analysis of intracellular TNF-α expression in CD3-CD56+ NK cells from
participants with different vitamin A concentrations. The percentages of TNF-α expressing
CD3-CD56+ NK cells were significantly lower in participants with vitamin A deficiency
compared with those with normal vitamin A. Representative flow cytometry profiles
demonstrated lower TNF-α expression on CD3-CD56+ NK cells in a vitamin A deficient
individual (A) than in an individual with normal vitamin A concentration (B; 5.05% vs 39.17%
respectively). Samples were first gated on the CD3-CD56+ lymphocyte populations then the
percentage of TNF-α positive cells were determined.
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Table 1
Age, gender, HBV, HCV, malaria antigen status and vitamin A and E levels of study participants

Vitamin A deficient group
(n=27)

Normal vitamin A group
(n=29)

Total (n=56)

Age (years)
Mean 46.70± 18.42 40.97±18.05 43.73±18.29
Median 45.0 36.0 41.0
Range 19–86 21–80 19–86
Gender
Male 13 (48%) 17 (59%) 30 (54%)
Female 14 (52%) 12 (41%) 26 (46%)
HBV positive 6(67%) 3(33%) 9 (16%)
HCV positive 4(67%) 2(33%) 6 (11%)
Malaria antigen positive 7(70%) 3(30%) 10 (18%)
Vitamin A (μg/dL)
Mean ± SD 16.22±3.32* 27.81±7.01 22.22±1.072
Median 17.4 25.7 20.4
Moderate deficiency(<20μg/dL) 25(93%)
Severe deficiency(<10μg/dL) 2(7%)
Vitamin E (mg/dL)
Mean ± SD 0.3492±0.118 0.3961±0.087 0.3735±0.105
Median 0.35 0.37 0.36
Normal vitamin E (≥0.5mg/dL) 2(7.4%) 4(13.8%)
Vitamin E deficient (<0.5mg/dL) 25(92.6%) 25(86.2%)

n=sample size

*
Significant at p<0.05

Range of vitamin A levels for all participants = 8.3–48.7μg/dL

Range of vitamin E levels for all participants = 0.055–0.5995mg/dL

SD = standard deviation

HBV = Hepatitis B Virus

HCV = Hepatitis C Virus

P<0.05 compared to normal vitamin A group using unpaired t test.
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Table 2
Percentages of leukocyte subsets of participants according to normal and deficient vitamin A concentrations

Cell subset Vitamin A deficient group (<20μg/
dl) (n=27)

Normal vitamin A group (≥20 μg/
dl) (n=29)

p value

BrdU-CD4+
mean ± SD 13.33±6.56 12.22±4.37 0.505
median 12.28 11.06
IL-4 CD4+
mean ± SD 2.67±2.13 2.72±2.10 0.934
median 1.96 2.17
IFN-γ CD4+
mean ± SD 6.73±4.54 10.27±10.39 0.121
median 6.09 7.16
IL-4 CD8+
mean ± SD 3.80±4.41 2.75± 2.14 0.334
median 2.41 1.97
IFN-γ CD8+
mean ± SD 13.07±7.76 19.51±10.0 0.041*
median 12.90 18.81
Perforin CD8+
mean ± SD 32.39±14.88 34.60±19.23 0.644
median 32.40 32.01
Granzyme A CD8+
mean ± SD 62.03±15.83 64.67±14.37 0.517
median 64.30 68.25
Perforin CD3-CD56+
mean ± SD 69.26±16.37 68.34±14.18 0.834
median 73.27 66.67
TNF-α CD3-CD56+
mean ± SD 12.24±6.66 19.03±10.56 0.009*
median 9.81 18.82
Phagcytosis rate
mean ± SD 10.74±9.09 9.19± 6.75 0.471
median 7.30 6.89

n=sample size

BrdU = bromodeoxyuridine; IL = interleukin; IFN-γ = interferon- γ; TNF-α = tumor necrosis factor- α; CD = cluster of determination/differentiation; SD
= standard deviation

*
P<0.05 compared to normal vitamin A group using unpaired t test
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