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ABSTRACT

Background: 25-hydroxyvitamin D-1-a-hydroxylase is a key enzyme for conversion of 25-(OH)-D
fo 1,25-(OH)2-D and is extra renally produced in various tissues. The objective of the study was
fo determine the levels of enzyme 1-a-hydroxylase in response to supplementation with vitamin
D in premenopausal women.

Methods: This single-arm pre-post interventional study, included premenopausal females

(n=82) and their 1-a hydroxylase levels were measured from peripheral blood. Vitamin D
supplements were given and vitamin D levels and a-1 hydroxylase levels were measured
through ELISA. The serum vitamin D levels below 30ng/ml (75nmol/L), were considered vitamin

D deficient. The correlation between serum vitamin D levels and 1-0-OHase levels was
determined using Spearman’s Rank Correlation fest, Wessa P Spearman Rank Correlation in
Free Statistics Software. Relationships between variables were done through paired t-test and
p<0.05 was considered significant.

Results: The levels of 1-a (OH)ase varied in response to supplementation, with most values

observed between 10-20ng/ml. The average increase in serum vitamin D and 1-a-(OH)ase
levels was 9.49ng/mL and 4.66ng/mL respectively. In total 50(60.9%) samples revealed a

decrease in 1-a (OH)ase levels, and 32(39.1%) samples increased. Data analysis showed f (84)

= 1.214, p=0.228 for serum 1-a (OH)ase. For post-supplementation the results showed no
associatfion between (rs = 0.04982, p = 0.65671) the two variables.

Conclusion: Serum levels of 1-a-hydroxylase in premenopausal Pakistani females indicated
variation when vitamin D was supplemented, highlighting a non-linear relationship. This shows
involvement of other unknown factors in Vitamin D metabolism, which requires to be
investigated in future research.
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INTRODUCTION

Research on vitamin D and its derivatives has
reached its zenith in the past few years. Studies
show 50% of the human population worldwide is
affected by a deficiency of this vitamin'. There is a
higher preponderance in countries that lie on or
near the equator, as countries receiving stronger
ultraviolet B waves (UVB) throughout the year are
home to individuals with more melanin. This effect is
protective from the standpoint of skin cancer
prevention since it reduces the skin's ability to
absorb UVB, but the other side of the coin is a
decrease in Vitamin D production?3. For such

populations, the only way to reach the
recommended daily allowance (RDA) is fo
incorporate vitamin D info daily foods and

supplements*. The authors of this study reside in a
counfry where the prevalence of vitamin D
deficiency across various cities is =84%, despite
adequate exposure to sun®. Vitamin D Deficiency
has been defined as serum/plasma 25(OH)D levels
falling below 30ng/ml (75nmol/L), with levels below
20ng/ml (or 50nmol/L) as the “cut-off” for abnormal
biochemical functioning. Local data done from
1998 indicates 35% of women were deficient. A
repeat survey done after 10 years on different
sample groups showed a stark increase in
deficiency of up to 95% 7. The recommended level
issued by the Institute of Medicine for adult RDA is
between 10-20 micrograms a day, with
recommendations for a slightly higher RDA for those
with darker skin®. For severely deficient patients,
once-a-day dosing of 40 micrograms of calcidiol
has been suggested'.

The precise link between vitamin D metabolism and
the effect of supplementary dosing is still unclear,
specifically, there are very few studies relating
1-a-hydroxylase with vitamin D supplementation. Of
the existing research, a study done by Stubbs et al. on
monocytic 1-a-hydroxylase by flow cytometry showed
a decrease in the infracellular levels of the enzyme
after supplementation with cholecalciferol.

25-hydroxyvitamin D-1-a-hydroxylase is the key
enzyme for the conversion of 25-(OH)-D fo
1,25-(OH)2-D. It is found in renal as well as
extra-renal cells on the membranes of mitochondria
(CYP27B1)'°. The extra-renal role of 1-o0 hydroxylase
in cancers of the breast, colon, prostate and
parathyroid has been investigated over the years.
Current literature provides information on levels of
human 1-a(OH)ase via real-time polymerase chain
reaction (qRT-PCR), Western blot analyses and
immunohistochemical methods'?; however, as far
as the publishing of this paper, we are not aware of
any studies done via ELISA comparing levels of 1-
a-hydroxylase with vitamin D supplementation'-s,
We hypothesized that vitamin D supplementation
causes a linearly proportional decrease in 1-a
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hydroxylase levels of white blood cells (WBCs).
Therefore, the purpose of this study was to associate
levels of serum 1-a(OH)ase with supplementation
given in premenopausal women.

METHODS

In this single-arm pre-post interventional study, we
fook a group of premenopausal females (n = 82)
and measured their serum vitamin D levels and their
1-0. hydroxylase levels from peripheral blood.
Sample selection was conducted via convenience
sampling based on the patients who came to
General Surgery Outpatient Department (OPD).
Approval was taken from the Ethics Review
Committee  Ziauddin University (Ref  no.
0330512BWANT) and informed consents were taken
from the participating patients.

The criteria for inclusion were females under the age
of 40 years with serum 25-OH-D levels of less than
20ng/ml, history of breast lump or cancer, and
family history of breast or other cancers. Criteria for
exclusion were individuals who were pregnant or
lactating, unknown menopausal status and taking
oral confraceptives. Other variables taken info
consideration were the number of pregnancies,
whether the females had breastfed their children
and for how long, age of menarche, and levels of
serum calcium.

Vitamin D supplements were given for a specified
fime and repeated samples from their blood,
measuring both variables (vitamin D levels and 1-a
hydroxylase). Patients with Vitamin D levels of
<10ng/ml were given 5 injections of Vitamin D3
(Cholecalciferol) 600,000 IU I/M weekly over 5
weeks, followed by oral vitamin D3 tablets 50,0001U
weekly for 30 weeks. For patients with serum vitamin
D levels between 10-20ng/ml, oral supplementation
of Cholecalciferol 50,000 IU was prescrioed's.
Samples of venous blood were collected in
Ethylenediaminetetraacetic acid (EDTA) test tubes
tfo prevent coagulation. The tubes were then
placed in a centrifuge (at 2000-3000 RPM) for
approximately 20 minutes, and the supernatants
were carefully collected. To isolate 1-a(OH)ase via
liquid biopsy, we used enzyme-linked immune
sorbent assay (ELISA) based on biotin double
antfibody sandwich technology to separate the
enzyme according to standard protocol. The assay
range for the kit was 0.2ng/ml—60ng/ml, and the
sensitivity was 0.1ng/ml. Data were entered into
Microsoft Excel and was analyzed using IBM SPSS
Statistics software v.20. Relationships between
variables were done through paired t-test and
p<0.05 was considered significant. Correlation
between serum vitamin D levels and 1-a-OHase
levels was done using Spearman’s Rank Correlation
test, using Wessa P Spearman Rank Correlation
(v1.0.3) in Free Statistics Software (v1.2.1).
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RESULTS

A total of 294 females were evaluated during the
intervention, out of which 82 (27.9%) were included
in this study. The mean age of the participants was
30.03, and all were pre-menopausal. There was a
comparable distribution of ages in the study
population, with most lying in the 20-25-year age
range 25 (30.5%) and others were married (73.2%).
Most of the population were graduates (31.7%). A
little over half the participants belonged to Muhaijir
ethnicity (52.4%). Most women (41.5%) reached

menarche at 13 years of age. Only 25 (30.5%) of the
women were nulliparous, i.e., had not had any
children — out of the other 57 (69.5%), a majority had
two offspring (29.8%). The mother's age at the first
child was between 21 to 30 years in most cases
(49.1%), and the mother's age at last or most recent
child was also between 21 and 30 years in most
cases (63.2%). A vast majority of women breastfed
their child (84.2%), with 60.4% breastfeeding for a
period of up to 24 months as shown in Table 1a.

Table 1a. Socio-demographic characteristics of study participants.

Variables Frequency (%)
Age (years) (Mean+ SD) 30.03+0.32
20-25 26-30 31-35 36-40
Age Range (years
ge Range (years) 25 (30.5) 2(268) | 15(183) 20 (24.4)
Unmarried Married Widowed Divorced
Marriage Status 10 (12.2) 60 (73.2) 2 (2.4) 2 (2.4)
Primary Secondary Matric Inter Graduate Unknown
Level of Education 4(459) 23 (28.0) 337) | 6(7.3) | 26(31.7) 20 (24.4)
Sindhi Punjabi Pathan Muhgijir Balochi Other
Ethnicity 3
1(1.2) 3(3.7) 12 (14.6) (52.4) 3(3.7) 20 (23.7)
n 13 14 15 Could not
Age at Menarche (years) lemembey
3(3.7) 23 (28.0) 34 (41.5) 15 1(1.2) 6 (7.3)
(18.3)
. . 13-20 21-30 31-40 Did not remember
Age at First Child (years) 25 (43.9) 28 (49.1) 2 (3.5) 3 (5.3)
. 18-20 21-30 31-40 Did not remember
Age af Last Child (years) 3 (5.3) 36 (63.2) 7 (12.3) 11 (19.3)
Duration of Breastfeeding Less than 1 month 1to é 71012 18 24 36
(months) (n=48) 2 (4.2) 7 (14.4) 5(10.4) 3(6.3) 29 (60.4) 2 (4.2)

We also found participants who had a positive
history of breast cancer (22.0%). Family history of
any cancer was positive in 23 (28.0%) of the women.
Previous breast-related complaints included breast
lump (37.8%), breast pain (39.0%) and history of
lumpectomy (34.1%). Out of 82 patients selected in
the study, 21 (25.6%) presented to the clinic with a

breast lump, 19 (23.2%) presented with pain, 1(1.2%)
presented with itching and 42 (51.2) came with no
symptoms at all. On examination, 5(6.1%) had
nipple discharge, 10(12.2%) had a palpable mass or
lump, and 4(4.9%) had an axillary mass or masses
(Table 1b.)

Table 1b. Summary of past medical history and examination findings of study participants.

Variables Frequency (%)
Personal History of Breast Cancer 18 (22.0)
Family History of Any Cancer 23 (28.0)
Past Complaints of Breast Lump 31 (37.8)
Complaints of Breast Pain 32 (39.0)
History of Lumpectomy 28 (34.1)
Presenting Symptoms

Lump 21 (25.6)
Pain 19 (23.2)
ltching 1(1.2)
No symptoms 42 (51.2)
Nipple Discharge on Examination 5 (6.1)
Mass or Lump on Examination 10 (12.2)
Axillary Mass on Examination 4 (4.9)

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2022, VOL. 11 (01)

DOI: https://doi.org/10.36283/PJMD11-1/005



All the participants were considered vitamin D
deficient, with baseline serum vitamin D levels
below 10 ng/mLin 74.4%, between 10 o 20ng/mLin
19.5%, and between 20 to 30ng/mL in 6.1% of the
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participants. For all 82 participants, the levels of
serum vitamin D had raised above 30ng/ml after
supplementation, as shown in Table 3.

Table 3: Serum levels of vitamin D before and after supplementation.

Serum Levels Vitamin D (ng/mL)
Intervention Total
<10 10 to 20 20 to 30 >30
Pre supplement (n) 61 (74.4) 16 (19.5) 5(6.1) 0 82
Post supplement (n) 0 0 0 82 (100) 82
Serum levels of calcium were recorded from between 10-20ng/ml, regardless of pre-or

baseline samples, averaging at 9.41mg/dL for 82
participants. The average % increase in serum
vitamin D and 1-a-(OH)ase levels was 9.49ng/mL
and 4.66ng/mL respectively, as shown in Table 4.
The levels of 1-a (OH)ase varied in response to

post-supplementation status. 60.9% of samples
revealed a decrease in 1-a (OH)ase levels, and
39.1% of samples revealed an increase in 1-a
(OH)ase levels after supplementation, as shown in
Table 4. Data analysis showed t (84) = 1.214, p=0.228

supplementation, with most values observed for serum 1-a (OH)ase levels.

Table 4: Serum levels of calcium compared against serum vitamin D (pre and post supplementation) and
Alpha-1-(OH)ase (pre and post supplementation).

Serum Levels
Serum Serum Vitamin D Serum Alpha-1-(Oh)ase
Calcium (ng/mL)
(mg/dL) 9 (ng/mL) p-value
. Pre- Post- o Pre- Post - %

Baseline supplement | supplement 7Difterence supplement supplement Difference
Min 7 3 30.1 MN0.72 0.02 2 V0.96
Max 1.3 29.5 150 N36.5 66.59 37.52 N361.14 0.228
Avg 9.41 8.76 70.22 N9.49 15.83 13.18 N4.66

After running Spearman’s correlation test on the
pre-supplement variables (Figure 1a) the results
showed rs = -0.22048, p = 0.04654 indicating the
negative association between the two variables
which is statistically significant. For post- supplemen-

fation variables, the results showed rs = 0.04982, p =
0.65671 indicating that by normal standards, the
association between the two variables would not
be considered statistically significant (Figure 1b).
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Figure 1a: Spearman’s Scatter plot of ranks - pre-supplementation showing normal standards of the
association between the two variables (i.e., serum Vitamin D and serum 1-o hydroxylase) and could be
considered statistically significant. 1b: The analysis of Spearman’s scatter plot of ranks -
post-supplementation showing exogenous supplementation of Vitamin D which does not show association
with the levels of 1-a hydroxylase enzyme in the blood.
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These results indicate that there is no linear
relationship of the serum levels of 1-o (OH)ase with
exogenous supplementation of vitamin D in those
individuals who were vitamin D sufficient. However,
in individuals who were vitamin D deficient, there
were an association of serum 1-o (OH)ase levels with
administration of exogenous vitamin D.

DISCUSSION

The results of this study show that there is not a
linearly proportionate relationship between vitamin
D supplementation and 1-o hydroxylase levels in
serum of premenopausal females coming to a
breast clinic, since in some patients’ external
vitamin D caused an increase in 1-a hydroxylase
activity and others, it caused a decrease. In a study
conducted on 1-a hydroxylase knockout mice, it
was discovered that the levels of plasma 1,
25-Vitamin D3 remained zero due to the absence of
the enzyme despite the knock-out mice being
given a feed supplemented with calcium and
vitamin D',

In another study, researchers found increased levels
of 24(OH)ose and decreased levels of serum
calcitriol  causing o decrease in  monocyte
activation and differentiation info macrophages
and dendritic cells’. In our research, levels of 1-a
(OH)ase did not fall proportionately in all individuals
of the sample population some increased in
response to supplementation, regardless of history
of breast disease. This unpredictability of the
enzyme leads us to question whether there are
other factors involved in the cellular metabolism of
1,25-OH-D and whether these factors confribute to
the protective effect that vitamin D has in
tumorigenesis. Previously conducted randomized
control trials on two separate population groups
have shown that there is a significant benefit of
using vitamin D and calcium in reducing cancer
incidence's.

In a 2019 experimental ftrial, researchers
investigated ablated CYP27B1 in mouse models
and results showed vitamin D dysregulation,
resulting in impairment of anti-tumor properties'?.
The relationship between Vitamin D Receptor (VDR)
and  fumor  suppression  with  vitamin D
supplementation may well be one of the factors in
the equation. When 1,25-OH-D forms complex with
its receptor, VDR, it downregulates itself by
controlling the expression of CYP27B1 and therefore
reducing the rate of conversion of 25-OH-D to
1,25-OH-D. Hence, we can propose the theory that
some patients in our study may have reduced
expressions of Vitamin D receptor (VDR) which
affected the levels of 1-o0 hydroxylase.

This study was based on the theory that the intracel-
lular dysmetabolism of 1-a hydroxylase from serum
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affects cells in other tissues, such as breast fissue, by
way of an increase in the overall pro-inflammatory
cytokines released in the bloodstream?2?', Various
biomarkers such as IL-6are in circulation and CD4+
and CD8+ T cells are actively involved in various
inflammmatory processes??. A study conducted by
Calton et al. reported a directly proportional
relationship between Vitamin D and Bioenergetic
Health Index (BHI). The BHI is a new marker of prog-
nosis for diseased metabolic states such as diabetes
and obesity, which are linked with prolonged
and/or recurrent inflammation. Calton et al. found
that when the vitamin demand was not being met,
the levels of BHI also fell - providing more evidence
to the theory that a sufficient level of vitamin D can
help maintain  a decreased inflammation,
decreased insulin resistance state?24,

Similarly, Bikle et al. published a paper that
corroborates the strong link between variations in
blood cell numbers, inflammatory biomarkers, and
seasonal changes, pointing to more evidence of
higher pro-inflammatory states in colder weather
than in warm weather?. Increases in 25(OH)D in
summer months were related to a reduction in
systemic inflammation and peripheral blood
mononuclear cells (PBMC) bioenergetic profiles
and decreased metabolism. Changes were
evident in those who had insufficient levels in winter
(when the UV levels are generally low). The link
between tumorigenesis, pro-inflammatory states
and the effects of vitamin D is, therefore, a
well-established one. Despite this data, more
research is required on whether 1-a (OH)ase has a
greater role in maintaining cell homeostasis than we
inifially thought, and whether it plays a role in the
prevention of cancer propagation by reducing
inflammation in the body.

CONCLUSION

There is a variation in the levels of 1-a-hydroxylase
expression with vitamin D supplementation with
non-linear increases and decreases, pointing fo the
conclusion that vitamin D alone does not influence
1-a-hydroxylase regardless of the presence or
absence of carcinogenic disease. There are other
biochemical or genetic factors, yet uninvestigated,
that may play a role in vitamin D metabolism in
premenopausal Pakistani females, which raises
questions info what influences activation and
deactivation of 1-a-hydroxylase.
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