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Abstract
Background: Vitamin D binding protein DBP is a multifunctional transport protein. The aim of the present study is to measure the level of DBP
and serum 25-hydroxyvitamin D 250HD in order to assess its role as a nutritional marker in CF. In the context of the recently described
immunomodulatory functions of vitamin D, the relationship between vitamin DBP and immunoglobulin G IgG levels was assessed.
Methods: This is a cross sectional case controlled observational study recruiting 50 patients diagnosed as CF (cystic fibrosis). They were referred
to Allergy and Pulmonology Unit, Aboreesh Children’s Hospital, Cairo University. Their age ranged from 18 months to 13 years. DBP and
250HD were measured using Elisa technique and IgG was measured using nephelometer method.
Results: CF group had significant lower serum concentrations of DBP p<0.012 and 250HD p<0.001 while IgG levels were within normal
values p<0.216 compared to the control group. Significant positive correlations were observed between IgG and age r=0.528, p<0.01 weight
r=0.480, p<0.001 and height r=0.509, p<0.001. Significant positive relations were observed between failure to thrive and DBP p=0.023 and
250HD p=0.003. A significant positive relation between DBP and pancreatic insufficiency p=0.039.No significant correlations were observed
between DBP and 250HD r=-0.224, p=0.118, between DBP and IgG r=0.195, p =0.176, between DBP and sweat chloride test r=0.201, p=0.162,
between 250HD and IgG r=0.195, p=0.176.No significant relations were observed between pancreatic insufficiency, and 250HD p=0.944 and
IgG p=0.332, between failure to thrive and IgG p=0.898.
Conclusions: DBP and 250HD levels were decreased in CF patients; and IgG levels were within normal values and positively correlated with
age, weight and height. Significant relations of DBP with failure to thrive and pancreatic insufficiency emphasizing its role as a marker for the
nutritional status in CF patients.
Keywords: Cystic fibrosis, Vitamin D Binding Protein, 25-Hydroxyvitamin D, Immunoglobulin G.
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Introduction:

Cystic fibrosis (CF) is the most common inherited disorder in childhood
being caused by mutations of the cystic fibrosis transmembrane conductance
regulator (CFTR gene) (Kraemer, et al, 2006).

It is a chronic condition involving several organ systems that results in life-
long morbidity and premature mortality. Lung disease in CF is the major
cause of death through a complex process involving impairment of
mucociliary clearance, infection, inflammation, and structural injury (Flume,
et al, 2009).

Environmental, nutritional, and socioeconomic factors as well as modifier
genes may affect the clinical manifestations of the disorder. (O'Sullivan and
Flume, 2009).

CF patients have decreased vitamin D synthesis.CF patients who are
exposed to the sun may have little body fat and may store less vitamin D,
further exacerbating the problem. In children, severe vitamin D deficiency
results in rickets, but its clinical presentation in CF is more subtle (Khazai, et
al, 2009).

Vitamin D binding protein (DBP) or group-specific component (Gc) is a
serum Alpha 2 globulin, with a molecular weight of 52-59 kDa and belongs
with albumin, Alpha fetoprotein and Alpha albumin /afamin to the albumin
superfamily of binding proteins. Two predominant DBP alleles, known as
DBP land DBP 2, determine the DBP polymorphism. Besides its transport of
vitamin D metabolites, this multifunctional glycoprotein contributes to the
sequestration of actin, stimulation of osteoclast acivity, bone resorption by Ge-
macrophage and osteoclast-activating factor, transport of fatty acids and
endotoxin, inhibition of actin-induced platelet aggregation, chemotaxis of
complement factor 5 derived peptides and macrophage modulation (Meier, et
al, 2000).

Systemic levels of inflammation are important in CF for their impact on
both pulmonary inflaimmation and other CF comorbidities (Flume, et al,
2009).

Chronic inflammation has a negative impact on bone metabolism and has
been linked to impaired linear growth and bone mineral accrual (Heaney, et al,
2011).

Vitamin D does modulate the immune response and has been shown to
have anti-inflammatory effects (Smolders, et al, 2009).Given the growing
understanding of the importance of this vitamin in the regulation of multiple
biological functions beyond skeletal health and the importance of vitamin D in
relation to severity of lung disease which is closely correlated with total
immunoglobulin G (IgG) levels in children, the aim of the study was to
investigate the levels of vitamin D-binding protein (DBP), circulating 25-OHD
vitamin D (250HD) and total immunoglobulin G (IgG) in CF patients and
their correlation to different parameters measured and clinical data presented.

Patients And Methods
Patients:

This is a cross sectional case controlled observational study recruiting 50
patients diagnosed as CF, based on clinical manifestations, examination and
confirmed by a positive sweat chloride test. They were referred to the Allergy
and Pulmonology Unit, Aboreesh Children’s Hospital, Cairo University,
throughout a period of one year starting from May 2012 till May 2013 for
diagnosis, management and follow up. Both genders were included with age

range from 18 months till 13 years. Twenty age and sex matched healthy
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children were included as a control group.
Methodology:

The patients were subjected to a full medical history and thorough clinical
evaluation with special stress on respiratory and GIT systems. All patients
were subjected to routine investigations done in follow up visits guided by the
clinical profile and severity of each individual case.

Laboratory investigations were done by collection of blood by
venipuncture which was allowed to clot, and serum was separated by
centrifugation at room temperature and was frozen at -20 °C. The analysis of
all samples was carried out at the laboratory of the department of clinical
pathology, Kasr el Eini Hospital, Cairo University. Serum level of vitamin D
Binding Protein (DBP) was measured using the Quantikine Human Vitamin D
Binding Protein immunoassay ELISA from R&D Systems; USA which is a
3.5 hour solid phase ELISA designed to measure DBP in cell culture
supernates, serum. It contains natural human DBP Standard. The Quantikine
Human Vitamin D Binding Protein kit is used to determine mass values for
naturally occurring human DBP.

Serum level of 25-OH Vitamin D(250HD) was measured using an enzyme
immunoassay ELISA from DRG International, Germany for measurement of
total 25-OH vitamin D.Serum level of immunoglobulin G (IgG) was measured
using antisera to human immunoglobulins (NAS IGG) (Nephelometry) from
Siemens Healthcare Diagnostics Inc, Germany.

Statistical Analysis:

Data management and analysis were performed using Statistical Package
for Social Sciences (SPSS v.17). Numerical data were summarized using
medians& ranges. Categorical data were summarized as percentages.
Comparisons between the two groups were done the Mann-Whitney test, a
nonparametric test equivalent to the t-test, to use in non normally distributed
variables. The chi square test or the Fisher’s exact test for small sample size
was used to compare between the groups with respect to categorical data. To
measure the strength of the association between the numeric variables,
Spearman’s correlation coefficients were calculated (Dawson and Trapp,
2001). All p-values are two sided. P-values< 0.05 were considered significant.
Results:

Demographic data of the study population and clinical presentation of CF

patients are shown in Table (1), (2) respectively.
Table (1) Demographic data of the study population.

Characteristic N=50 %
Median 3
Range 1.5-13
AgeIn Years 1.5years-<3years 20 40
3years-<7years 24 48
Tyears-13years 6 12
Female 15 30
Gender
Male 35 70
Positive Consanguinity 30 60
Family History Of CF 11 22
<lyear 31 62
Age Of Patient At
. . lyear-2years 9 18
Diagnosis
>2years 10 20
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Table (2) Clinical presentation of CF patients.

Clinical Presentation N=50 %
Cough 47 94
Hospital Admission 47 94
Recurrent Pneumonia 38 76
Recurrent Wheezing 32 68
Steatorrhea 32 64
Failure to thrive (Weight and Height below 3rd percentile) 20 40
Hepatomegaly 15 30
Hemoptysis 5 10
Rickets 3 6
Cholestatic Jaundice 0 0
Meconium Ileus 0 0

Nearly all patients presented with chronic cough, recurrent wheezing,

recurrent pneumonia, and steatorrhea. The most common signs were failure to

thrive, clubbing and abnormal chest examination.

The median serum concentration of DBP of the CF group 273.6 ug/ml,

range (80.6-633.4 ug/ml) was significantly lower than the control group
median 320.6 ug/ml (range 240.6- 495.8 ug/ml) (p=0.012) Figure (1).

levels while 4% had low IgG levels and 22% had high IgG levels, normal range
(4.2- 16 g/1).
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Figure (3) Comparison between median serum concentrations of IgG levels in cases and
controls (p=0.216, P-values< 0.05 are considered significant

Correlations between age, weight, height, and DBP, 250HD and IgG
are shown in Table (3) and Figure (4), (5), (6) respectively. Correlations

between DBP, 250HD and IgG are shown in Table (4).
Table (3) Correlations between age, weight, height and DBP, 250HDand IgG.

Spearman's Rho
DBP (ug/ml) 250HD(ng/ml) 1sG (g/1)
r P-Value R P-Value r P-Value
AGE (1.5-13) Y| 0.030 0.836 0.126 0.301 0.528 <0.01
Weight -0.045 0.758 -0.099 0.493 0.480 <0.001
Height -0.040 0.785 -0.033 0.821 0.509 <0.001

Figure (1) Comparison between median serum concentrations of DBP levels in cases and
controls (p=0.012), P-values< 0.05 are considered significant

The median serum concentration of 250HD of the CF group

—

20.4 ng/ml

equivalent to 64.8 nmol/1) range (0.2-130.0 ng/ml) was significantly lower

than the control group (median 48.34ng/ml, equivalent to 153.5 nmol/1, range

(16.2- 120.0 ng/ml) (p< 0.001) Figure (2).

P-values< 0.05 are considered significant

No significant correlations were observed between DBP and age (r=0.030),
(p=0.836), weight (r=-0.045), (p=0.758) and height (r=-0.040), (p=0.785). No
significant correlations were observed between 250HD and age (r=0.126),
(p=0.301), weight (r=-0.099), (p=0.493) and height (r=-0.033), (p=0. 821).
Significant positive correlations were observed between IgG and age (1=
0.528), (p< 0.01), weight (r= 0.480), (p< 0.001) and height (r= 0.509), (p<
0.001).
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Figure (2) Comparison between median serum concentrations of 250HD levels in cases and
controls (p< 0.001), P-values< 0.05 are considered significant

The median serum concentration of IgG of the

CF group was 10.0 g/1,

range (3.7- 20.3 g/1) and the median concentration of the IgG of the control
group was 8.2 g/1, range (4.6-15.2 g/1) with no significant difference between
the two groups (p=0.216) Figure (3). 74% of CF patients had normal IgG

Figure (4) Correlation between IgG and age (r =0.528), (p< 0.01).
P-values< 0.05 are considered significant
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Figure (5) Correlation between IgG and weight (r =0.480), (p< 0.001). Figure (7) Relation between 250HD and failure to thrive (p=0.003).
P-values< 0.05 are considered significant P-values< 0.05 are considered significant
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Figure (6) Correlation between IgG and height (r= 0.509) (p< 0.001). Figure (8) Relation between DBP and failure to thrive (p=0.023).
P-values< 0.05 are considered significant P-values< 0.05 are considered significant
Table (4) Correlations between DBP, 250HD and IgG.
250HD (ng/ml) IgG (g/1) 400 ~
R P-Value R P-Value
15G (g/1) 0.035 0.811
) 0.195 0176 2 300 1 7
DBP (ug/ml) -0.224 0.118 £
P-values< 0.05 are considered significant 2 7
No significant correlations were observed between DBP and 250HD (r=- g 200 A /
0.224) (p=0.118), between DBP and IgG (r=0.195), (p=0.176) and between g
=
250HD and IgG (r=0.035), (p=0.811). s 100 4
Relation between failure to thrive, pancreatic insufficiency and DBP,
250H vit D and IgG are shown in Table (5), (6) and Figure (7), (8), (9) 0 é ' A '
respectively. No R, Yes
Table (5) Relations between failure to thrive and DBP, 250H vitD and IsG Pancreatic insufficiency
Failure To Thrive Figure (9) Relation between DBP and pancreatic insufficiency (p=0.039)
Correlations NO (n=30) YES (n=20) P-Value P-values< 0.05 are considered significant
Median |Minimum|[Maximum| Median |MinimumMaximum Discussion:
250HViD(ng/m | 317 42 81.8 99 02 1300 | 0003 In the present study the median DBP serum concentration of the CF group
1¢G /D o3 37 03 100 58 171 0.8% was significantly lower than the median DBP concentration of the control
DBP (ug/ml) 238.0 80.6 6334 | 306.7 149.2 463.0 0.023

group (p=0.012).

P-values< 0.05 are considered significant

Table (6) Relation between pancreatic insufficiency and DBP, 250H vit D and IgG This was in accordance with a study done in Belgium that investigated the

Pancreatic Insufficiency importance of DBP and its role as an alternative nutritional marker in CF
Yes (n=32 No (n=18 P-Value
s @=3) 0 @18 (Speeckaert, et al, 2008).
Median [Minimum|[Maximum| Median |Minimum [Maximum No sienif ati b b DBP level d
T

25ORVID@g/m) | 204 02 00 | 208 7 17 | oom o significant correlations were observed between evels and age
1G (&/) 8.9 50 203 107 37 16.1 0.332 (r=0.030), (p=0.836), weight (r=-0.045), (p=0.758) and height (r=-0.040),

VDBP (ug/ml) | 3067 | 822 | 6334 | 2370 | 80.6 | 4610 | 0039 (p=0.785).

P-values< 0.05 are considered significant Similar results were obtained from a cross-sectional study done in Belgium
(Speeckaert, et al, 2006) and in New Zealand (Bolland, et al 2007) which

observed that DBP levels was not correlated to age or to age and weight
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respectively.

In the study the serum concentration of DBP was not correlated with the
serum concentration of 250HD (r=-0.224), (p=0.118).

Similar results were obtained from studies done in the United Kingdom
(Prytuta, et al, 2012), in New Zealand (Bolland, et al, 2007), in Belgium on
116 CF patients (Speeckaert, et al, 2008) and in another cohort study done in
Belgium (Taes, et al, 2006).

On the contrary to the results, a large cohort study done in USA
for infants and children observed that circulating DBP was significantly
correlated with 250H (Carpenter, et al, 2013).

In the present study no significant correlation between DBP and IgG was
observed (1=0.195), (p =0.176).

A statistically significant relation was noted between DBP and failure to
thrive (p=0.023) and between DBP and pancreatic insufficiency (p=0.039).

In the present study no significant correlation was observed between DBP
and sweat chloride test (r=0.201), (p=0.162).

Also the median serum concentration of 250HD for the CF group was
(20.4 ng/ml equivalent to 64.8 nmol/l) was significantly lower than the
median 250HD concentration of the control group (p< 0.001) which
emphasize the continued inadequate supplementation despite increased
awareness.

Similar results were obtained in studies from large CF centers, and showed
that> 90% of patients have 250HD levels< 75nmol/L (30ng/mL) (Neville&
Ranganathan, 2009) (Speeckaert, et al, and Wolfenden, et al, 2008) (Fewtrell,
et al, 2008) (Gordon, et al, Rovner, et al and Stephenson, et al, 2007),
(Chavasse, et al, 2004), (Grey, et al, 2000), (Mortensen, et al, 2000) and
(Henderson& Madsen, 1997).

Similarly eight hundred and ninety six CF patients (0.53- 65.9) years from
seven centers in Denmark were included in a cross-sectional study and showed
that 84% had suboptimal 250HD level (< 75 nmol/1). (Pincikova, et al, 2010).

No significant correlation was observed between 250HD and age
(r=0.126), (p=0.301), weight (r=-0.099), (p=0.493) and height (r=-0.033),
(p=0.821).

In concordance with our results, a study done by (Henderson & Lester,
1997), observed no correlations between 250HD and weight and height in CF
patients.

In concordance with our results, a systematic review in non CF infants and
children concluded no significant associations between 250HD concentrations
and weight or height in a six randomized controlled trials, one non-
randomized comparative intervention study, and two observational studies
(Tufts Evidence-based Practice Center, 2009).

In the present study no correlation was observed between 250HD and
serum total IgG (r=0.035), (p=0.811).

In concordance with our results, a recent study, observed no significant
correlation between the IgG and 250HD levels (Holmoy, et al, 2011).

In contrast, a Scandinavian study showed inverse relation between
250HD and serum total immunoglobulin G in cystic fibrosis nutritional study
(Pincikova, et al, 2010). This study supported the proposed role of vitD in the
immune system infection.

Also a study done on 2052 non CF children and adults patients showed a
highly significant positive correlation between the concentrations of the

circulating form of 250HD, and IgG levels in the overall population (Sedrani,

1988).

On the contrary to our results a study done by Yener, et al, 1995, observed
a significant correlation between the decrease in 250HD, the decrease in total
T lymphocytes and the increase in B lymphocytes expressing surface IgG
molecules in non CF patients. These results suggest that vitamin D plays an
important role in the impaired functions of T lymphocytes which may lead to
frequent infectious episodes.

In the present study no relation was observed between 250HD and
pancreatic insufficiency (p=0.944).

This is in agreement with a retrospective chart review of patients followed
in a single CF center (Simoneau, et al, 2013), in a study done in UK
population on 290 children attending a specialist pediatric CF clinic for annual
assessment (Chavasse et al, 2004) and in Australian population on infants
diagnosed with CF by newborn screening over a 5-year period (Neville&
Ranganathan, 2009).

Our study demonstrated a statistically significant relation between 250HD
and failure to thrive (p=0.003).

This is in accordance with a recent retrospective study which included a
review of medical reports of 543 patients aged between (1- 17) years reporting
symptoms related to vitamin D deficiency or insufficiency and observed a
major complaint of failure to thrive in 89% of children aged from (1- 3) years
and in 68% of children aged from (7- 11) years (Torun, et al, 2013) concluding
that great risk for developing clinically and biochemically findings is proved by
vitamin D deficiency.

In the present study there was no significant difference between median
serum concentrations of IgG in the CF and control groups (p=0.216).

Similar results were obtained from a recent study done in Brazil comparing
the immunologic state of CF children aged (3- 12) years with a control group
(Bernadi, et al, 2013).

In the present study, IgG levels increased with age (r =0.528) (p< 0.01),
weight (r =0.480), (p< 0.001) and height (r=0.509), (p< 0.001) suggesting that
progression of lung disease may be due in part to a hyper- immune response
(Metthews, et al, 1980).

Similarly, a cohort study done in Belgium to explore IgG level as a
possible outcome parameter for lung disease severity in pediatric CF patients
treated according to current standards of care, concluded that IgG increases
with age (Proesmans et al, 2011).

In concordance to our results a study done by (Metthews, et al, 1980),
where serum immunoglobulins in 419 CF patients were measured. Twenty-
two percent less than 10 years old had hypogammaglobulinemia-G, whereas
the older patients had normal or elevated serum immunoglobulins indicating
that the patients with hypogammaglobulinemia had significantly less severe
lung disease than did age-matched patients with cystic fibrosis and normal or
elevated IgG levels concluding that progression of lung disease may be due in
part to a hyper-immune response.

In the present study serum level of IgG of CF group was low in 2 patients,
normal in 37 patients and high in 11 patients.

In accordance to our results a study done in UK by Garside, et al, 2005 to
report total immunoglobulin levels and IgG subclass levels in a large pediatric
population with CF. Total immunoglobulin levels were measured in 154
patients, and IgG subclass levels were measured in 136 patients and compared

to age-related normal population data and to levels reported in previously

(Assessment Of Vitamin D Binding Protein...)



published studies of children with CF. The results showed that 7.8% had
hypergammaglobulinemia compared with (0- 69)% and that 1.9% had
hypogammaglobulinemia compared with (0- 10.8)%, in the published
literature. The study suggested that the low percentage of patients with
abnormally high immunoglobulin levels probably reflected the improved
respiratory status of today's children with CF.

In the present study no significant relation was observed between IgG and
pancreatic insufficiency (p=0.332) and failure to thrive (p=0.898).

In conclusion we have demonstrated that DBP, 250HD levels were
decreased in CF patients and that IgG levels were within normal values and
positively correlated with age, weight and height. In addition, the present
study investigated the importance of DBP on nutritional status as it showed its
association with failure to thrive and pancreatic insufficiency. Addressing the
low 250HD
supplementation despite increased awareness. Vitamin D is a valuable

presence of emphasizes the continued inadequate

component of CF therapy as it boosts the innate response yet limit excess

inflammation. Understanding the mechanisms by which vitamin D benefits
individuals with CF is still in its initial phases. Hence, these characteristics
emphasize the value of vitamin D as an essential component of CF therapy.
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