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Abstract

Institutional review board statement: The study was reviewed
and approved by the University of Puerto Rico Medical Sciences
Campus Institutional Review Board (protocol number 1250313).

AIM: To determine serum vitamin D levels and colonic
vitamin D receptor (VDR) expression in inflammatory
bowel disease (IBD) and non-IBD patients and correlate
these with histopathology.

Informed consent statement: All subjects gave written informed
consent prior to study inclusion.

METHODS: Puerto Rican IBD (n = 10) and non-
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IBD (n = 10) patients ≥ 21 years old scheduled for
colonoscopy were recruited. Each patient completed
a questionnaire and provided a serum sample and
a colonic biopsy of normal-appearing mucosa. For
IBD patients, an additional biopsy was collected from
visually diseased mucosa. Serum vitamin D levels were
measured by ultra-performance liquid chromatography
and mass spectrometry. Hematoxylin and eosin stained
tissue sections from colonic biopsies were classified
histologically as normal or colitis (active/inactive), and
scored for the degree of inflammation present (0-3,
inactive/absent to severe). Tissue sections from colonic
biopsies were also stained by immunohistochemistry
for VDR, for which representative diagnostic areas were
photographed and scored for staining intensity using a
4-point scale.
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INTRODUCTION
Although the incidence and prevalence of inflammatory
bowel disease (IBD) is stable in first world countries,
IBD is becoming more frequent in other geographic
areas and in minority populations such as blacks and
[1]
Hispanics, where they were rarely seen . Puerto Rico
is no exception, and the rate at which ulcerative colitis
[2,3]
and Crohn’s disease are diagnosed is increasing .
[4]
Vendrell et al found that the prevalence of IBD
among insured Puerto Ricans in 2005 is among the
highest described for Hispanic populations. Vitamin
D deficiency is common among patients with IBD,
yet evaluation of vitamin D status is not currently
considered standard of care in these patients, and
guidelines for treating vitamin D deficiency in these
[5]
patients are nonexistent . Increasing evidence
suggests that vitamin D is an environmental factor
linked to the pathogenesis and severity of IBD,
[6,7]
including Crohn’s disease and ulcerative colitis .
Vitamin D is a hormone precursor present in two
forms: ergocalciferol (vitamin D2) and cholecalciferol
(vitamin D3). Cholecalciferol is synthesized in the skin
upon sunlight exposure and is subsequently converted
to 25-hydroxyvitamin D, the major inactive circulating
vitamin D metabolite. 25-hydroxyvitamin D has a long
half-life of about 3 wk, making it the best biomarker
[8,9]
to evaluate vitamin D status . The active form of
vitamin D, 1,25(OH)2D3 (calcitriol), exerts its biological
functions via the vitamin D receptor (VDR), a member
of a superfamily of nuclear hormone receptors. One
of the major roles of vitamin D and VDR is to regulate
intestinal absorption and serum levels of calcium
and phosphate. Many tissues and cells in the body,
including immune cells and colonocytes, express VDR
and possess the enzymes necessary to produce local
[6]
1,25(OH)2D3 . The main source of local 1,25(OH)2D3
is the intestinal autocrine/paracrine vitamin D system,
which plays a critical role in maintaining both mucosal
[9]
immunity and normal growth of epithelial cells .
Vitamin D-VDR signaling results in anti-inflammatory,
immune-modulating, anti-mitotic, pro-differentiating,
and pro-apoptotic effects, which are attributable to the
hundreds of genes that contain vitamin D responsive
[9-11]
elements (VDRE)
. These properties are critical in
the context of immune diseases, such as IBD, and
in cancer prevention; however, the mechanisms by
which vitamin D exerts these properties are not well
understood.

RESULTS: The IBD cohort was significantly younger
(40.40 ± 5.27, P < 0.05) than the non-IBD cohort
(56.70 ± 1.64) with a higher prevalence of vitamin D
deficiency (40% vs 20%, respectively) and insufficiency
(70% vs 50%, respectively). Histologic inflammation
was significantly higher in visually diseased mucosa
from IBD patients (1.95 ± 0.25) than in normalappearing mucosa from control patients (0.25 ± 0.08,
P < 0.01) and from IBD patients (0.65 ± 0.36, P < 0.05)
and correlated inversely with VDR expression in visually
diseased colonic tissue from IBD patients (r = -0.44, P
< 0.05) and from IBD patients with Crohn’s disease (r
= -0.69, P < 0.05), but not in normal-appearing colonic
tissue from control patients or IBD patients. Control
and IBD patient serum vitamin D levels correlated
positively with VDR expression in normal colon from
control and IBD patients (r = 0.38, P < 0.05) and with
patient age (r = 0.54, P < 0.01).
CONCLUSION: Levels of serum vitamin D correlate
positively with colonic VDR expression in visually normal
mucosa whereas inflammation correlates negatively
with colonic VDR expression in visually diseased mucosa
in Puerto Rican patients.
Key words: colitis; inflammation; vitamin D; vitamin D
receptor; inflammatory bowel disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study examines for the first time the
relationship between serum vitamin D levels, colonic
vitamin D receptor (VDR) expression, and histologic
disease activity. We show in Puerto Rican patients that
colonic VDR expression and inflammation are negatively
correlated in endoscopically and histologically diseased
colon and that serum vitamin D levels positively
correlate with VDR expression in endoscopically and
histologically normal colon. These findings contribute
to our understanding of the role of vitamin D and VDR
in patients with inflammatory bowel disease and could
affect the current care of these patients.
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Importantly, the mechanisms by which circulating
vitamin D levels regulate colonic VDR expression in
homeostasis and disease states are also incompletely
understood. Studies in bone cells have revealed that
the VDR gene contains VDRE, suggesting that vitamin
[12]
D can increase colonic VDR expression . However,
treatment of Caco-2 colon cancer cells with calcitriol
resulted in increased transcript levels of CYP24A1,
[13]
the major 1,25(OH)2D3 inactivating enzyme , and
xenografts of HT29 colon cancer cells overexpressing
[14]
CYP24A1 are more proliferative and invasive .
Additionally, SNAIL1 has been shown to repress VDR
[15-17]
expression in colon cancer cells
. Any situation
that impairs the 1,25(OH)2D3/VDR system at the
intestinal mucosal level, such as vitamin D deficiency
or increased CYP24A1 or SNAIL expression, may
increase risk for development or progression of IBD
[9]
and colorectal cancer (CRC) , one of the most severe
complications for patients with long-standing IBD. In
fact, IBD colitis patients are six times more likely to
[9]
develop CRC than the general population , and this
risk increases with disease severity, duration, and
[18]
extent . Interestingly, we recently found differential
expression of VDR in Puerto Rican patients with colitisassociated and sporadic colorectal neoplasia, with a
significant decrease in VDR expression in sporadic
dysplasia and CRC compared with normal and colitis[19]
associated CRC tissue .
Recent animal studies have demonstrated that
vitamin D supplementation ameliorates, whereas
vitamin D or VDR deficiency worsens, inflammation in
[20,21]
murine models of IBD
, providing strong evidence
for vitamin D as an anti-inflammatory immuno
modulator in IBD. Furthermore, in vivo and in vitro
studies have shown that combining vitamin D with
steroids, immunomodulators, or biologics produces
[22-24]
synergistic effects
. In vitro studies have suggested
that VDR plays a critical role in preserving intestinal
[10,25]
mucosal barrier integrity
. It has also been
demonstrated that 1,25(OH)2D3 signaling through VDR
[26]
is a direct and important inducer of NOD2 expression .
A key downstream signaling consequence of NOD2
activation by the agonist muramyl dipeptide is
stimulation of NF-κB transcription factor function, which
induces expression of the gene encoding defensin β2
(DEFβ 2/HBD2), a gut antimicrobial peptide that plays
an important role in the mucosal immune barrier and
whose deficiency has been linked to colonic Crohn’s
[27]
disease .
There is a paucity of data on the role of vitamin
D in IBD disease activity preventing firm conclusions
regarding its use as a predictor of disease severity.
Nevertheless, Joseph et al found that 79% of patients
with Crohn’s disease in India were vitamin D deficient
and that the clinical disease activity correlated
[28]
negatively with serum 25-hydroxyvitamin D levels .
Ulitsky et al. reported a high rate (49.8%) of vitamin D
deficiency in a cohort of 504 IBD patients in the north-
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central United States and an independent association
of this deficiency with lower quality of life and greater
[29]
disease activity of Crohn’s disease . There is also
some evidence that vitamin D supplementation may
help in maintaining remission in patients with Crohn’s
[30]
disease .
In light of the protective and regulatory effects
that vitamin D has on the colonic epithelial barrier
and immune system, respectively, we postulate that
patients with IBD who have low levels of vitamin D
are susceptible to progression to severe disease and
perpetuation of chronic mucosal inflammation, proven
risk factors for CRC in these patients. Elucidating
the role of vitamin D and VDR in patients with IBD
could therefore affect the current care of these
patients. In the present study, we examine the
relationship between serum vitamin D levels, colonic
VDR expression, and histologic disease activity. To
our knowledge, this relationship has not previously
been studied in either a Puerto Rican or any other IBD
population.

MATERIALS AND METHODS
Use of human subjects and internal review board
approval

This study was carried out in compliance with all
NIH regulations concerning the Protection of Human
Subjects. The study was approved by the University
of Puerto Rico Medical Sciences Campus Institutional
Review Board under protocol number 1250313.

Patients and collection of samples

Puerto Rican patients (both sexes) over 21 years old
with a documented diagnosis of ulcerative colitis or
Crohn’s disease by standard endoscopic, histologic,
radiologic, and/or clinical criteria who were seen
at the University of Puerto Rico Center for IBD and
were undergoing colonoscopy and biopsy for clinical
indications were offered participation in this study.
Patients were informed about the purpose of the
study, benefits and risks involved, and their rights and
confidentiality. Patients over 21 years old undergoing
a colonoscopy for other reasons (but not due to
suspected IBD, chronic diarrhea, malabsorption
syndrome, or malignancy) were recruited as controls.
Patients or controls who had used vitamin D, vitamin
D plus calcium, or multivitamin supplementation
during the previous 3 mo were excluded from study
participation. Patients who agreed to participate
signed the IRB-approved informed consent form
and completed a questionnaire to gather demogra
phic, lifestyle, and disease-related information. Our
study included 10 controls and 10 patients with IBD
(Table 1, also see Table 2 for additional disease and
demographic information on individual participants).
Two colon biopsies were collected from IBD patients,
one from visually diseased mucosa and one from
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(Biogenex) and 3,3-diaminobenzidine chromogen
solution (Biogenex). Nuclei were counterstained
with hematoxylin before dehydration, clearing, and
coverslipping. Representative areas containing the
diagnosis of interest (normal, inactive colitis, active
colitis) were photographed and scored in triplicate by
observers blinded to the patients’ diagnoses. Staining
intensity was scored using a four-point scale (0-3),
where 0 indicates the weakest staining and 3 indicates
[19]
the strongest staining .

Table 1 Demographic information for control and inflammatory
bowel disease patients

Sex
Male
Female
Mean age (yr)
IBD diagnosis
CD
UC

Control (n = 10)

IBD (n = 10)

4
6
56.70 ± 1.64

6
4
40.40 ± 5.27a
7
3

a

P < 0.05. CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC:
Ulcerative colitis.

Statistical analysis

The statistical significance of differences in inflam
mation scores and VDR expression between control
mucosa, normal-appearing mucosa from IBD patients,
and visually diseased mucosa from IBD patients was
determined using the Kruskal-Wallis test followed
by the Dunn multiple comparisons test. Differen
ces in age and serum 25-hydroxyvitamin D levels
between control and IBD patients were assessed
using the Mann-Whitney test. Spearman correlation
coefficient was used for analyzing correlations
between VDR expression, inflammation scores, serum
25-hydroxyvitamin D levels, and age. All statistical
analyses were performed with GraphPad Prism v6.0a
(GraphPad Software, San Diego, CA, United States).
Data are presented as mean ± SE, and statistical
significance was established at P < 0.05.

normal appearing mucosa. Controls provided one
colonic biopsy, which was subsequently confirmed
as histologically normal. A serum blood sample was
collected from all patients and stored at -80 ℃ until
time of analysis.

Histological analysis

Tissue sections (2-4 µm) were stained with hema
toxylin and eosin and analyzed independently by
two pathologists (CIG and AAI). All biopsies were
classified histologically as normal, inactive colitis, or
[31]
active colitis, based on Geboes et al . The degree
of inflammation for each biopsy site was recorded as
follows: 0 = inactive/absent, 1 = mild, 2 = moderate,
or 3 = severe.

RESULTS

Vitamin D levels

Serum samples were analyzed for 25-hydroxyvitamin
D levels by ultra-performance liquid chromatography
and mass spectrometry at the De Diego Research
Foundation Bioanalytical Laboratory (Agilent; detection
limit 7.5 ng/mL). Samples were classified as deficient
(< 20 ng/mL) or not deficient (≥ 20 ng/mL) and as
sufficient (≥ 30 ng/mL) or insufficient (< 30 ng/mL).

The control and IBD groups had similar numbers
of patients from both sexes; however, as might be
expected, IBD patients were significantly younger than
controls (P < 0.05, Table 1). Most IBD patients (7/10)
had a diagnosis of Crohn’s disease.

Vitamin D receptor immunohistochemical staining

Mean serum 25-hydroxyvitamin D levels were not
significantly or substantially different between control
(27.61 ± 3.36 ng/mL) and IBD patients (25.18 ± 2.36
ng/mL; Figure 1A). Nevertheless, twice as many IBD
patients (4/10) had vitamin D deficiency (< 20 ng/mL)
compared to controls (2/10; Figure 1B). Furthermore,
a higher percentage of IBD patients (7/10) had
insufficient levels of vitamin D (< 30 ng/mL) compared
to controls (5/10; Figure 1C), half of which had
vitamin D insufficiency. Serum vitamin D levels did not
significantly correlate with colonic inflammation scores.

More IBD patients have vitamin D insufficiency and
deficiency than control patients

Tissue sections were stained for VDR by immuno
histochemistry, and VDR expression was scored as
[19]
previously described . Briefly, formalin-fixed, paraffinembedded tissue sections mounted on charged glass
slides were deparaffinized with Hemo-De xylenesubstitute and rehydrated with graded ethanol dilutions
and distilled water. Endogenous peroxidase activity
was quenched with hydrogen peroxide (3%, aqueous).
Heat-induced antigen retrieval was performed using
citrate-EDTA buffer (10 mmol/L; 2 mmol/L EDTA,
0.05% Tween 20, pH 6.2) at 95 ℃ to 99 ℃ for 40 min
and at room temperature for 20 min. After samples
were blocked with normal goat serum (Biogenex,
San Ramon, CA), tissues were incubated overnight
with the anti-VDR antibody (Ab3508; Abcam Inc,
dilution 1:2000). Secondary detection of the primary
antibody was achieved using the peroxidase-based
Super Sensitive Link-Label IHC Detection System

WJG|www.wjgnet.com

Inflammation scores, but not VDR expression levels, are
increased in diseased colon from IBD patients

As expected, visually diseased mucosa from IBD
patients had significantly higher inflammation scores
(1.95 ± 0.25) than normal-appearing mucosa from IBD
(0.65 ± 0.36, P < 0.05) or controls (0.25 ± 0.08, P <
0.01; Figure 2A). Inflammation scores were consistently
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Table 2 Demographic and disease information for control and inflammatory bowel disease patients
Patient ID

Age (yr)

Sex

Diagnosis

IBD duration (yr)

Medications

UC1
CD1
CD2

63
29
41

F
F
M

Ulcerative colitis
Crohn’s disease
Crohn’s disease1

15
2
16

Mesalamine, Azathioprine
Adalimumab
Enalapril

UC2
CD3

25
23

M
M

Ulcerative colitis
Crohn’s disease

2
3

CD4

55

M

Crohn’s disease1

10

CD5

38

M

Crohn’s disease1

8

CD6

32

F

Crohn’s disease1

8

CD7

28

M

Crohn’s disease1

2

UC3
C1

70
50

F
F

Ulcerative colitis
HTN, dyslipidemia, DM-2

8
-

C2
C3

55
67

F
M

-

C4

54

M

HTN
DM-2, post-liver transplant
secondary to ETOH
HIV

C5

63

M

-

C6

57

F

HTN, hypothyroidism,
CKD, post-liver transplant
secondary to ETOH
Hypothyroidism, GERD

C7

55

M

HTN, dyslipidemia,
anxiety, depression

-

C8

59

F

Hypothyroidism,
depression, anxiety

-

C9

56

F

DM-2, dyslipidemia, NASH

-

C10

51

F

None reported

-

-

-

Colonoscopy findings

Proctosigmoiditis
Active mild colitis
Active Crohn’s disease at ileocolonic
anastomosis
Sulfazalazine
Mild proctosigmoiditis
Adalimumab, Azathioprine, Active Crohn’s disease with ileocecal
folic acid
valve involvement
Mesalamine
Crohn’s ileocolitis with small external
hemorrhoids
Infliximab
Active disease at ileocolonic
anastomosis
Infliximab
Mild sigmoiditis with internal/
external hemorrhoids
Adalimumab
Friable ileocecal valve anastomosis
with small aphtous ulcer; mild distal
proctitis
Mesalamine
Mild proctitis
Irbesartan, Simvastatine,
Normal study
Glipizide, Insulin,
Clonazepam
Losartan
Single diminutive sessile polyp
Folic acid, Glipizide,
Hemorrhoids internal/external
Tacrolimus
Efavirnez, Tenofovir,
External hemorrhoids
Lamivudine
Tacrolimus, Propranolol,
Normal study
Pepcid, Simvastatin
Ranitidine, Omeprazole,
Levothyroxine
Losartan, Clopidrogel,
Two polyps < 1 cm, both tubular
Amlodipine, Simvastatin,
adenomas
Clonazepam, Trazodone,
Venlafaxine
Levothyroxine, Gabapentin,
Moderate pandiverticulosis
Sertraline, Clonazepam,
Estazolam
Simvastatin, Aspirin,
Normal sigmoidoscopy/normal
Gliburide
virtual colonoscopy
none
Two small sessile polyps-hyperplastic
polyps; left side diverticulosis

1

IBD-related surgery. F: Female; M: Male; HTN: Hypertension; DM-2: Type 2 diabetes mellitus; HIV: Human immunodeficiency virus; CKD: Chronic
kidney disease; GERD: Gastroesophageal reflux disease; NASH: Nonalcoholic steatohepatitis; IBD: Inflammatory bowel disease.

higher in visually diseased than in normal appearing
mucosa for all but two IBD patients. Statistically
significant differences in VDR immunohistochemistry
scores were not observed in comparisons between
control mucosa (2.03 ± 0.20), normal appearing
mucosa from IBD patients (1.93 ± 0.24), and visually
diseased mucosa from IBD patients (2.30 ± 0.21;
Figure 2B). VDR immunostaining was mainly found
within glandular epithelial cells and lamina propria
cells and was observed in both the nuclear and the
cytoplasmic compartments.

correlated inversely in visually diseased tissue from
IBD patients (r = -0.44, P < 0.05, Figure 3B). This
inverse correlation was stronger in IBD patients who
had Crohn’s disease (r = -0.69, P < 0.05; Figure
3C). Statistically significant correlations between VDR
immunohistochemistry and inflammation scores were
not observed for normal-appearing colonic tissue from
IBD patients.

VDR expression negatively correlates with inflammatory
status in the colon of IBD patients

Colonic VDR immunohistochemistry scores did not
correlate with serum vitamin D levels in control and
IBD patients when VDR immunohistochemistry scores
from visually diseased mucosa from IBD patients
were used (r = 0.13, P > 0.05; Figure 4A). When VDR

VDR expression in normal appearing mucosa from
control and IBD patients positively correlates with
serum vitamin D levels

VDR immunohistochemistry and inflammation
scores did not correlate significantly in colonic tissue
from controls (r = -0.36, P > 0.05; Figure 3A), but
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40

inflammation scores from visually diseased mucosa
were used for patients with IBD (r = -0.57, P < 0.01;
Figure 5).

Serum vitamin D levels positively correlate with patient
age

30

Serum vitamin D levels correlated positively with
patient age in IBD patients alone (r = 0.81, P < 0.01;
Figure 6A) and in control and IBD patients (r = 0.53, P
< 0.01; Figure 6B).

20
10
0
Control

B

IBD

Control

IBD

Total = 10

Total = 10

DISCUSSION
In the present study, we describe vitamin D status in
IBD and non-IBD patients (controls) from Puerto Rico
and examine how this relates to colonic inflammation
and VDR expression. The prevalence of vitamin D
deficiency determined for our Puerto Rican IBD cohort
was 40% compared with a prevalence of 20% for the
control group. Interestingly, although IBD patients
have lower vitamin D levels, we found that both
Hispanic cohorts have vitamin D insufficiency, despite
living on a sunny tropical island. Vitamin D deficiency
has been shown to be fairly common in the United
States (41.6%), especially among blacks (82.1%) and
[32]
Hispanics (69.2%) . In a genome-wide association
study examining 25-hydroxyvitamin D concentrations
in 33996 individuals of European descent, Wang et al.
found that variants near genes involved in cholesterol
synthesis, hydroxylation, and vitamin D transport
[33]
affect vitamin D status . They concluded that these
genetic variations identify individuals who have a
substantially raised risk of vitamin D insufficiency. It is
therefore possible that environmental factors as well
as genetic polymorphisms might be affecting vitamin
D metabolism in our study population.
Although the expression of VDR has been reported
to be decreased in patients with ulcerative colitis,
[34]
dysplasia, and colitis-associated CRC , we have
previously shown that in Puerto Rican patients there
is a significant decrease in colonic VDR expression in
sporadic dysplasia and CRC but not in colitis-associated
[19]
cancer or in IBD, when compared to normal tissue .
In the present study, no significant differences were
found in VDR expression between cohorts, which
is consistent with our previous results, or between
sources of colonic samples in IBD patients, despite
finding significantly higher inflammation scores in
visually diseased mucosa when compared to normalappearing mucosa from IBD patients. Although
1,25(OH)2D3 is thought to regulate VDR expression
[35]
in target tissues , the mechanism for regulation
of colonic VDR expression in relation to vitamin D is
currently unknown (i.e., positive or negative feedback).
In our study, decreased colonic VDR expression
was found to be associated with higher histologic
inflammation scores, which reflect disease activity,
in diseased mucosa. Our study also found a positive

Vitamin D deficient
Vitamin D non-deficient

C

Control

IBD

Total = 10

Total = 10
Vitamin D insufficient
Vitamin D sufficient

Figure 1 Vitamin D status in control patients and patients with inflam
matory bowel disease. A: Serum levels of 25-hydroxyvitamin D3 in control
and inflammatory bowel disease (IBD) patients (n = 10 patients/group). B:
Proportion of control and IBD patients with vitamin D deficiency (< 20 ng/mL). C:
Proportion of control and IBD patients with vitamin D insufficiency (< 30 ng/mL).

immunohistochemistry scores from normal-appearing
mucosa from IBD patients were used, colonic VDR
immunohistochemistry scores positively correlated with
serum vitamin D levels in controls and IBD patients (r
= 0.38, P < 0.05; Figure 4B).

Colonic inflammatory status negatively correlates with
patient age

Colonic inflammation scores were inversely correlated
with patient age in both control and IBD patients when
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A

B

P < 0.01

4

4

3
VDR IHC score

Inflammation score

P < 0.05
3

2

1

2

1

0

0
Control

IBD normal

IBD diseased

Control

Colonic mucosa

IBD normal

IBD diseased

Colonic mucosa

Control

Control

IBD normal

IBD normal

IBD diseased

IBD diseased

Figure 2 Colonic inflammatory and vitamin D receptor status in control and inflammatory bowel disease patients. Inflammation score (A) and VDR expression
(B) for colonic mucosa from control patients, normal appearing mucosa from IBD patients, and visually diseased mucosa from IBD patients (n = 10 per group). Each
IBD patient contributed a biopsy from normal appearing mucosa and another biopsy from visually diseased mucosa. VDR: Vitamin D receptor; IBD: Inflammatory
bowel disease.

correlation between VDR scores from normal
appearing mucosa (controls and IBD patients) and
serum vitamin D levels but not with VDR scores

WJG|www.wjgnet.com

from mucosa that appeared diseased, suggesting
the following points. First, colonic VDR expression is
regulated via a positive-feedback mechanism. Second,
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C9
C8
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Figure 4 Correlation between serum 25-hydroxyvitamin D3 levels
and vitamin D receptor immunohistochemistry scores in control and
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receptor; CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel
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[37]

non-Hispanic whites have been reported ; however,
there is a paucity of data on the disease course in
these populations. Similarly, the metabolism of vitamin
D may differ among ethnic groups, where other
environmental factors, such as geographical location,
and comorbidities, such as obesity, could influence the
[38]
prevalence of vitamin D deficiency . In addition to the
intricacies of vitamin D pathways, the amount of active
vitamin D necessary at a molecular level to exert its
diverse properties in the intestines, especially in regard
to patients with IBD, is unknown.
Potential limitations of this study include the small
sample size and the fact that patients in the control
group were older than IBD patients, which prevented
age matching. This age difference between the groups
is likely responsible for the correlation between age
and colonic inflammation that we observed in this
study. It is unknown how the age of the patient,
comorbidities, and current medication use alter the
mechanisms of vitamin D in the body. Interestingly,
our findings suggest that age directly correlates with
higher serum levels of vitamin D in IBD patients, but

1

0

0

1

2
  3
Inflammation score diseased

4

Figure 3 Correlation between inflammation and vitamin D receptor.
Immunohistochemistry (IHC) scores for vitamin D receptor and inflammation
scores in colonic mucosa from control patients (A), inflammatory bowel disease
(IBD) patients (B), and patients with Crohn’s disease (CD) (C). In B and C,
inflammation and VDR scores from visually diseased mucosa were used for
IBD and CD patients (red circles).

the disease process disrupts the vitamin D-VDR
system in diseased areas of the colon. These points
[36]
concur with those reported by Ham et al , who found
lower serum vitamin D levels in patients with active
IBD than in patients in remission. Low serum vitamin
D levels may truly reflect insufficiency/deficiency
or could result from 25-hydroxyvitamin D being
converted to the active form of vitamin D3. Moreover,
differences in IBD presentation between Hispanics and
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Figure 5 Correlation between age and inflammation scores for control and
inflammatory bowel disease patients. A: inflammation scores from visually
diseased mucosa were used for IBD patients (red circles); B: inflammation
scores from both normal appearing mucosa (pink circles) and visually diseased
mucosa (red circles) were used for IBD patients. CD: Crohn’s disease; UC:
Ulcerative colitis; IBD: Inflammatory bowel disease.

Figure 6 Correlation between age and serum 25-hydroxyvitamin D3 levels
for inflammatory bowel disease patients (A) and all patients (B).

other studies suggest a decline in vitamin D levels with
aging due to decreased absorption. Our control group
was found to have vitamin D insufficiency and not
sufficiency as expected; therefore, it was not a suitable
“control cohort” for the purposes of this study.
In conclusion, the natural history of IBD in Puerto
Ricans and Hispanics in general warrants further
investigation. We previously found that the incidence
and prevalence of this disease were increased in
our population, with a particular aggressive disease
[3,4]
behavior among younger patients . Our current
investigation showed a positive correlation between
serum vitamin D levels and VDR expression in normal
appearing colonic mucosa and a negative correlation
between VDR expression and inflammation in diseased
mucosa, particularly among patients with Crohn’s
disease from the IBD cohort. Future studies should
examine whether these relationships also exist in other
populations, Hispanic or otherwise. The identification
of potentially correctible risk factors, such as vitamin
D deficiency, may result in disease modification
strategies that reduce the severity of these chronic
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