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Abstract
Pterygium, an ultraviolet radiation

(UV)-related disease, is a relatively benign
process, but since it displays tumor-like fea-
tures, it has been proposed to be a neoplas-
tic-like growth disorder. Vitamin D per-
forms a number of functions in addition to
calcium homeostasis, as inhibition of cell
proliferation, activation of apoptotic path-
ways, and inhibition of angiogenesis. Since
the antitumor actions of vitamin D are
mediated primarily through the nuclear
vitamin D receptor (VDR), the aim of the
present study was to investigate vitamin D
status in patients with pterygium and in
control subjects, and VDR immunohisto-
chemical expression in samples of ptery-
gium and normal conjunctiva in order to
evaluate a possible role of vitamin D path-
way in the pathogenesis of the disease.
Serum vitamin D concentration was meas-
ured among 41 patients with pterygium and
47 volunteers by an automated chemilumi-
nescence immunoassay. Moreover, 23 for-
malin-fixed and paraffin-embedded ptery-
gium biopsy samples and 24 conjunctiva
specimens were treated for the immunohis-
tochemical demonstration of VDR using the
streptavidin-biotin alkaline phosphatase
method. No differences were observed
about vitamin D level between patient with
pterygium and control group, but significant
differences between VDR immunolocaliza-
tion in pterygium and normal conjunctiva
were observed (P=0.00001). In conjunctiva,
the immunoreactivity, localized mainly in
cytoplasm of epithelial cells, may probably
demonstrate VDR regulation of cell growth,

differentiation, and apoptosis, while in
pterygium VDR co-localization in the
nucleus and cytoplasm of epithelial cells
may indicate alternative nuclear pathways
by which vitamin D might exert its anti-
inflammatory and anti-proliferative effects
by the regulation of gene expression.

Introduction
Pterygium is a chronic condition char-

acterized by the encroachment of altered
bulbar conjunctiva into the normal cornea.1
Histologically it consists of a superficial
conjunctival epithelium layer and an under-
lying fibrovascular component, with fea-
tures indicative of both degenerative
process and disordered growth. Pterygium
is a relatively benign process, but since it
displays tumor-like features, as aggressive
recurrence after removal and local invasive-
ness with various degrees of abnormalities,
ranging from mild dysplasia to carcinoma
in situ, it has been proposed to be a neoplas-
tic-like growth disorder. As a matter of fact,
several authors2,3 demonstrated that pre-
neoplastic lesions may be associated with
pterygium. Many factors have been pro-
posed as causative agents in its pathogene-
sis, such as extracellular matrix remodel-
ling,4 inflammatory process,5-7 anti-apoptot-
ic mechanisms,8,9 cytokines,10 growth and
angiogenic factors,11-13 viral infection,14,15

oxidative stress,16,17 hypoxic ischemic
injury,18 anomaly in epithelial differentia-
tion19 and wound healing defect.20 However,
it is well-established that pterygium is an
ultraviolet radiation (UV)-related dis-
ease.16,20-24 For a long time several authors
have labelled pterygium as a chronic degen-
erative growth disorder, but, following the
discovery of p53 overexpression in the
epithelium,15,25-28 it is now considered as an
UV-related tumor. Although its pathogene-
sis seems multi-factorial, chronic inflam-
mation, angiogenesis and uncontrolled pro-
liferation have a key role in the pathogene-
sis of pterygium.

Besides being taken up exogenously
through dietary intake, when the skin is
exposed to solar or artificial UV-B light,
humans obtain endogenously a fat-soluble
vitamin called vitamin D.29 The biologically
active form of vitamin D, 1,25-dihydroxy-
vitamin D, also known as calcitriol, plays
its major physiological role in maintaining
mineral ion homeostasis and regulating
intestinal calcium absorption.30 In addition
to its well documented role, the scientific
community has focused attention in the
relationship between low serum vitamin D
levels and a variety of seemingly disparate

systemic conditions, including multiple
sclerosis, cardiovascular disease, schizo-
phrenia, type 1 diabetes mellitus, and infec-
tions, particularly tuberculosis and influen-
za.29,31-34

More recently, vitamin D status has
been inversely associated with risk for vari-
ous cancers, since vitamin D inhibits cell
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proliferation and angiogenesis, activates
apoptotic pathways, and exerts pro-differ-
entiative effects.35,36 In 1980, Garland and
Garland37 reported an inverse association
between sunlight exposure and colon cancer
mortality, hypothesizing for vitamin D a
protective role against the risk of colon can-
cer. To support these evidences, epidemio-
logical studies have shown an association
between low circulating 25-hydroxyvitamin
D3 [25 OH Vitamin D; 25(OH)D] levels, a
biomarker of vitamin D exposure, and
increased risk for colorectal, breast and
prostate cancers.38-40

The action of vitamin D is mediated by
the nuclear vitamin D receptor (VDR), a 48
to 55 kD activated transcription factor,
expressed in various tissues, including those
not involved in mineral metabolism.41 VDR
is expressed by normal and neoplastic cells,
and it is localized mostly in the nucleus
although some authors have also reported
cytoplasmic receptors.42,43 It is well-estab-
lished that the lack of the active hormonal
form of vitamin D or its nuclear receptor
results in the development of hypocalcemia
and its related clinical manifestations.44,45

Since the antitumor actions of vitamin
D are mediated primarily through VDR, and
little is known about this subject in ptery-
gium, the aim of the present study was to
investigate vitamin D status in patients with
pterygium and in control subjects, and VDR
immunohistochemical expression in bioptic
samples of pterygium and normal conjunc-
tiva; the knowledge of vitamin D status and
VDR localization may contribute to the
understanding of the pathogenesis of the
disease.

Materials and Methods

Vitamin D status: Patients and
study design

We conducted the study on vitamin D
status among 41 adults (30 males and 11
females) (age 28-82 years; mean
58.34±15.08) that were admitted and treat-
ed for primary pterygium excision by bare
sclera technique at the Department of
Surgical Science, Eye Clinic, University of
Cagliari (Sardinia, Italy), during summer
2012 and 2013. During the same periods, 47
volunteer healthy subjects (13 males and 34
females) (age 25-66 years; mean
43.74±11.74) were considered eligible as
normal control subjects for this study. They
were recruited among the Eye Clinic staff,
their family and friends. They should not
have history of pterygium and/or other ocu-

lar surface diseases. Both patients and vol-
unteers did not receive any vitamin D
dietary supplement in the 6 months before
the analysis, and no one reported history of
pathologies related to vitamin D deficiency,
such as fat malabsorption, liver disease or
renal insufficiency. In Table 1 are reported
the characteristics of patients selected for
the evaluation of serum vitamin D concen-
tration.

The study protocol was approved by the
local Institutional Research Ethic
Committee. Written informed consent was
obtained from all participants prior to the
initiation of the study. 

Concentration of 25(OH)D in both
patients and volunteers was determined at
the Laboratory of Clinical Chemistry,
Hematology and Microbiology, Hospital
“G. Brotzu”, Cagliari, by the LIAISON®

25 OH vitamin D assay, a direct, competi-
tive chemiluminescent immunoassay
(CLIA) for quantitative determination of
total 25 OH vitamin D in serum or plasma
(DiaSorin LIAISON®, Stillwater, MN,
USA), following the experimental protocol
optimized by DiaSorin Inc.:46 “During the
first incubation, 25 OH vitamin D is disso-
ciated from its binding protein and binds to
the specific antibody on the solid phase.
After 10 min the tracer (vitamin D linked to
an isoluminol derivative) is added. After an
additional 10 min incubation, the unbound
material is removed with a wash cycle.
Subsequently, the starter reagents are added
to initiate a flash chemiluminescent reac-
tion. The light signal is measured by a pho-
tomultiplier as relative light units (RLU)
and is inversely proportional to the concen-
tration of 25 OH vitamin D present in cali-
brators, controls, or samples.”

The scientific community recommends
the following ranges for the classification of

25-OH vitamin D status, as reported in
DiaSorin LIAISON® datasheet: deficiency,
with 25(OH)D plasma concentration <10
ng/mL (level 1); insufficiency, between 10-
30 ng/mL (level 2); sufficiency, between
30-100 ng/mL (level 3) and toxicity, with
25(OH)D level >100 ng/mL (level 4).

VDR immunohistochemistry:
Patients and study design

Among the group of 41 patients admit-
ted and treated for primary pterygium exci-
sion, only 23 specimens were processed for
paraffin embedding; moreover, 24 exposed
bulbar conjunctiva biopsy samples, collect-
ed from patients without pterygium (non-
pterygium subjects), who underwent
cataract and strabismus surgery at the Eye
Clinic, were formalin-fixed and paraffin
embedded and used as normal controls.
Most of pterygium were located on the
nasal side and only the head of the lesion
was used as bioptic sample. The study
included 16 inflamed and 7 quiescent
lesions, and pterygium morphology was
clinically graded as atrophic (6 cases), inter-
mediate (13 cases), or fleshy (4 cases)
according to an assessment of pterygium
translucency. In both groups, the vitamin D
status was assessed. Patients did not receive
any medication before surgery except for a
topical anaesthetic, and no drugs or chemi-
cal agents were used during surgical opera-
tion. Complete demographic and clinical
information on patients was available in all
cases (Table 2).

Microtome histological sections (6-7
μm thick) were treated for the immunohis-
tochemical demonstration of VDR using the
streptavidin-biotin alkaline phosphatase
method. They were dewaxed in xylene and
rehydrated in a graded alcohol series and
phosphate-buffered saline (PBS). Water
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Table 1. Characteristics of patients selected for the evaluation of serum vitamin D con-
centration.

                                                    Pterygium              Healthy subjects                P value*
                                                      (n=41)                          (n=47)                                

Mean age (±SD)                                   58.34 (±15.09)                      43.74 (±11.74)                                   
Age range (yrs)                                              28-82                                       25-66                                            
Sex (%)                                                                                                                                                                  
      Male                                                         30 (73)                                    13 (28)                                          
      Female                                                    11 (27)                                    34 (72)                                          
Location of the lesion (M/F)                                                                                                                            
      Nasal side                                             28 (19/9)                                                                                          
      Temporal side                                      13 (11/2)                                                                                          
Serum 25(OH)D 
Mean ± SD (ng/mL)                                19.47±7.37                              18.22±8.01                                  >0.05

*Student’s t-test.
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bath heating-based antigen retrieval was
performed by immersion in 10 mM citrate
buffer solution (pH 6.0) at 95°C for 30 min.
After gradual cooling for 20 min, sections
were treated for 45 min with 10% normal
goat serum in PBS. Mouse monoclonal anti-
body (1:100, clone D6, Santa Cruz
Biotechnology Inc., Dallas, TX, USA) to
human VDR, raised against amino acids
344-424, which possesses the highest speci-
ficity, sensitivity, and versatility,47 was used
as primary antiserum and incubated over-
night at 4°C. Biotinylated anti-mouse IgG
was used as secondary antiserum (1:800;
Vector Laboratories, Burlingame, CA,
USA) and incubated for 30 min at room
temperature; the sections were further incu-
bated in alkaline phosphatase streptavidin
(1:1000; Vector Laboratories) for 30 min at
room temperature and reacted with Fast
Red Substrate System (Dako, Glostrup,
Denmark). All sections were thoroughly
rinsed in PBS between each step, and final-
ly counterstained with Mayer hematoxylin
and mounted in glycerol gelatin (Sigma, St.
Louis, MO, USA).

Sections of an archival biopsy specimen
of prostate were used as positive control tis-
sue; negative controls were obtained by
omission of the primary antibody or by
replacing the primary antibody with an iso-
type-matched antibody. Positive and nega-
tive controls were run simultaneously. 

Micrographs were captured by a
Lumenera’s INFINITY 3-1 digital camera on
a microscope Zeiss Axiophot (Carl Zeiss
Inc., Oberkochen, Germany), and processed
by Adobe Photoshop (ver. 7.0; Adobe
Systems, Inc., San Jose, CA, USA) software.

Evaluation of immunoreactivity
Results were independently evaluated

by three observers (CM, DM, MTP) in a
blinded fashion, as described in our previ-
ous paper:7 Four to six 200x fields covering
almost the whole of each of the four sec-
tions per sample were examined with a 144-
intersection point square reticulum (0.78
mm2) inserted in the eyepiece and scored
for the percentage of epithelial immunore-
active cells. In each sample, it was evaluat-
ed if the staining was localized only in
nucleus, only in cytoplasm or both in nucle-
us and cytoplasm of epithelial cells. The
intensity of VDR staining was graded 0, 1+,
2+, 3+. The VDR protein was considered to
be highly expressed if 10% or more of the
cells stained with an intensity score of 2+ or
3+, as described in 2014 by Zhou et al.48 in
esophageal adenocarcinoma and precancer-
ous lesions. 

Statistical analysis
The results of the evaluation of

25(OH)D plasma mean concentration and
of the VDR immunohistochemical analysis
were analyzed by Student’s t-test and
Fisher’s exact test, respectively. Data were
computed by the IBM® SPSS® Statistics
21.0. The tests used were two-tailed. A P
value ≤0.05 was considered statistically sig-
nificant.

Results

Vitamin D status 
Among the 41 patients with pterygium

and the 47 healthy subjects of the control
group, the mean concentration of plasma
25(OH)D was 19.47 ng/mL ±7.37 (median
18.7 ng/mL, range 5.82-35.4 ng/mL) and
18.22 ng/mL ±8.01 (median 15.8 ng/mL,
range 7.92-45.2 ng/mL) respectively (Table 1).
Among pterygium patients, only 5 people
(12%) had level 3 concentration, while 32
patients had level 2 (78%) and 4 subjects

had level 1 (10%). No patients showed toxic
concentrations of vitamin D (Table 3).
Regarding the 25(OH)D plasma mean con-
centration, no statistical differences
between pterygium and control group were
observed, as assessed by Student’s t-test
(P>0.05).

VDR immunohistochemistry 
Immunohistochemical analysis of VDR

expression in the 23 pterygium specimens
showed a moderate to strong immunoreac-
tivity of the epithelial cells, being localized
in both nucleus and cytoplasm (Figure 1A)
in 19 samples (83%), while in 3 samples
(13%) the immunostaining was detected
only in cytoplasm (Table 4). One specimen
(4%) did not show any immunoreactivity.
No specimens showed exclusively nuclear
staining. In the reactive samples, the
nuclear staining was always stronger than
the cytoplasmic. In most samples, a marked
VDR immunostaining was also detected in
epithelial goblet cells (Figure 1A) and in the
endothelial cells of sub-epithelial microves-
sels (Figure 1A,C). Scattered immunoreac-
tive leucocytes-like cells, morphologically

                                                                                                        Original Paper

Table 2. Characteristics of patients selected for the immunohistochemical localization of
vitamin D receptor.

                                                    Pterygium        Non-pterygium subjects           P value*
                                                      (n=23)                          (n=24)                                 

Mean age (±SD)                                    56.04 (±16.4)                       38.87 (±19.61)                                     
Age range (yrs)                                              28-82                                       13-78                                             
Sex (%)                                                                                                                                                                   
      Male                                                         16 (70)                                     8 (33)                                            
      Female                                                     7 (30)                                     16 (67)                                           
Location of the lesion (M/F)                                                                                                                              
      Nasal side                                             18 (11/7)                                                                                           
      Temporal side                                        5 (5/0)                                                                                             
Grade                                                                                                                                                                       
      Atrophic                                                        6                                                                                                  
      Intermediate                                              13                                                                                                 
      Fleshy                                                            4                                                                                                  
Disease stage                                                                                                                                                        
      Inflamed                                                      16                                                                                                 
      Quiescent                                                    7                                                                                                  
Serum 25(OH)D
Mean ± SD (ng/mL)                                22.09±7.17                              22.06±8.28                                   >0.05

*Student’s t-test.

Table 3. Evaluation of serum vitamin D concentration among patients with pterygium
and the control group.

                                      Pterygium (n. 41)                             Healthy subjects (n. 47)
25(OH)D           Patients   Mean ± SD  Median           Patients     Mean ± SD    Median
                            (n, %)       (ng/mL)    (ng/mL)             (n, %)         (ng/mL)     (ng/mL)

Toxic                                 ---                      ---                   ---                            ---                        ---                      ---
Sufficient                     5 (12)           31.9±2.18             31                         5 (11)            36.12±5.26             34.9
Insufficient                 32 (78)         18.97±5.17         18.25                     38 (81)           16.82±4.75             15.7
Deficient                      4 (10)           7.89±1.71            8.1                         4 (8)               9.16±0.84               9.5
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recognizable as cells belonging to the
“mononuclear phagocyte system (MPS)”,
were found in the subepithelial connective
tissue (Figure 1C) and inside the vessels
(Figure 1D). The mean concentration of
25(OH)D in patients with pterygium was
22.09 ng/mL ±7.17 (median 20.7 ng/mL,
range 11.8-35.4 ng/mL) (Table 2). Among
the normal conjunctival samples, 16 (67%)
exhibited mainly a cytoplasmic staining for
VDR (Figure 1B) in the epithelial cells,
while only 2 samples (8%) displayed both
nuclear and cytoplasmic immunoreaction
(Table 4); six specimens (25%) showed no
immunostaining. The mean concentration
of 25(OH)D in these patients was 22.06
ng/mL ±8.28 (median 21.7 ng/mL, range
7.4-34.9 ng/mL) (Table 2). 

The Vitamin D concentration detected
in the non-pterygium subjects was compa-
rable to that of the healthy subjects. Most
conjunctivas displayed mainly mild to mod-
erate staining, while in pterygium the
immunoreaction was always more intense.
In the negative control sections the
immunoreactivity was completely abol-
ished (Figure 1F).

Regardless of vitamin D status
(P>0.05), significant differences between
VDR immunohistochemical localization in
pterygium and normal conjunctiva were
noticed, as assessed by Fisher’s exact test
(P=0.00001) (Table 4). Moreover, in ptery-
gium no correlation between VDR expres-
sion and demographic or clinical parame-
ters (age, gender, location, disease stage and
grade) was observed (P>0.05).

Discussion
Holick49 refers to vitamin D deficiency

as pandemic because of its global spread,
almost induced by chronically inadequate
sun exposure. Such deficiency is associated
with harmful effects, including a predispo-
sition to cancer on almost all tissues. In
Europe, vitamin D status varies according
to latitude, season and skin pigmentation.
Serum 25(OH)D is higher in people living
in Northern than Southern European coun-
tries and higher in Western than Eastern
Europe.50 We investigated about vitamin D
status in people living in Sardinia, an island
in the centre of the Mediterranean Sea,
characterized by high ultraviolet radiation
level.51 Our results demonstrate that both
pterygium and control group showed insuf-
ficient level of plasma vitamin D. The rea-
son of such suboptimal vitamin D concen-
tration in a population with high insolation
level has not been well understood yet; it
may be linked to more skin pigmentation

and sunshine avoiding behaviour, as in
Spain, Greece and other parts of Italy,50 but
it might be also due to the well-known
genetic peculiarity of Sardinians. Several
anthropologists52,53 define Sardinians as
“the most differentiated population in the
Mediterranean basin, as the result of genetic

drift and geographic isolation, with a limit-
ed genetic impact from conquests of the
island during history”. In our study, no sta-
tistical difference between patients with
pterygium and control group were
observed, hence it seems that there is not a
direct correlation between vitamin D defi-
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Figure 1. Immunohistochemical staining of VDR. A,C,D,E) Pterygium; B) normal con-
junctiva; F) human prostate. Pterygium showed a moderate to strong immunoreactivity
of the epithelial cells, mostly localized in both nucleus and cytoplasm (A), while conjunc-
tival epithelium exhibited mainly a mild to moderate cytoplasmic staining (B). In ptery-
gium, the nuclear staining was always stronger than the cytoplasmic. A marked VDR
immunoreaction was also detected in epithelial goblet cells (A) (arrows) and in the
endothelial cells of sub-epithelial microvessels (A,C) (arrowheads). Scattered immunore-
active leucocytes-like cells, morphologically recognizable as cells belonging to the
“mononuclear phagocyte system (MPS)”, were found in the subepithelial connective tis-
sue (C) and inside the vessels (D) (asterisks). Negative (E) and positive (F) control sec-
tions. Scale bars: 20 µm.
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Table 4. Immnunohistochemical localization of vitamin D receptor in pterygium and
normal conjunctiva.

Localization       Pterygium (positive/total)  Conjunctiva (positive/total)          P value*

Cytoplasm                                          3/23                                                     16/24                                          0.0001
Nucleus and cytoplasm                  19/23                                                     2/24                                                 

*Fisher’s exact test.
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ciency and the pathogenesis of pterygium.
However, in a recent paper, Jee et al.54

demonstrated a positive association
between blood 25(OH)D level and Korean
pterygium, but the exact mechanism is
unknown. Such discrepancy with the results
of our study may be related to the great
number of samples they examined, but also
to the above-mentioned Sardinian genetic
peculiarity. Probably in Sardinia the high
insolation rate, on one side, may be an
important etiopathogenetic factor for the
occurrence of pterygium, which is charac-
terized by chronic inflammation, angiogen-
esis and uncontrolled proliferation; on the
other side, UV rays may not be able to stim-
ulate the production of adequate vitamin D
amount in Sardinians, that would be insuffi-
cient to exert its protective action against
the harmful effects of UV rays on conjunc-
tiva.

Since the action of vitamin D is mediat-
ed by the nuclear VDR, expressed by nor-
mal and neoplastic cell, we examined VDR
expression in bioptic samples of pterygium
and normal conjunctiva. In our study, most
pterygium samples (19/23, 83%) showed a
moderate to strong VDR immunoreactivity,
localized in both nucleus and cytoplasm of
epithelial cells; nuclear staining was always
more intense than the cytoplasmic. Among
the normal conjunctival samples, epithelial
cells exhibited mainly a mild to moderate
cytoplasmic staining for VDR (16/24,
67%). Then, regardless of vitamin D status,
similar in both groups of patients, signifi-
cant differences between VDR immunolo-
calization in pterygium and normal con-
junctiva were noticed; such differences may
be linked to the different role of activated
VDR in cytoplasm and nucleus. The differ-
ences in VDR immunolocalization might be
explained considering that in normal con-
junctiva vitamin D might regulate cell
growth, differentiation and apoptosis by a
cytoplasmic pathway;55 in pterygium, VDR
nuclear staining may represent an alterna-
tive nuclear pathway by which vitamin D
might  exert its anti-inflammatory and anti-
proliferative effects by the regulation of
gene expression.56,57 But this is just a theory,
because the low vitamin D amount, maybe
due to genetic factors, could be insufficient
to exert its anti-inflammatory action against
the effects of UV rays on conjunctiva. It is
well-known that vitamin D is an
immunomodulator that can reduce the pro-
duction of pro-inflammatory cytokines and
increase the production of anti-inflammato-
ry cytokines,58 thus modifying the innate
immune response of the body.
Dysregulation of VDR may lead to exagger-
ated inflammatory responses;59 maybe

defects in vitamin D and VDR pathways
could sustain the condition of chronic
inflammation typical of pterygium.

Besides to the well-known pro-apoptot-
ic effects, following UV-trauma vitamin D
may have also an anti-apoptotic effect
resulting in increased cell survival. Then it
is quite clear that cell fate may depend on
cellular context, which can be able to
address VDR pathway.60 These considera-
tions would be in agreement with a previous
study by Tan et al.6 who classify pterygium
as an UV-related benign condition in which
the uncontrolled proliferation is the result of
a disorder of apoptosis occurring in con-
junctiva; it would also support the results of
previous papers7,61 which propose that in
pterygium the concomitant overexpression
of survivin, an anti-apoptotic protein, and
functional loss of p53 might be the basis for
an aberrant inhibition of apoptosis.

Moreover, in our pterygium samples, a
marked VDR immunostaining was also
detected in the endothelial cells of sub-
epithelial microvessels, probably because
of the role of calcitriol in the regulation of
endothelial cell proliferation and differenti-
ation.62-64 Scattered immunoreactive leuco-
cytes-like cells, morphologically recogniza-
ble as cells belonging to the “mononuclear
phagocyte system (MPS)”, were found in
the subepithelial connective tissue of ptery-
gium and inside the vessels, probably
because of the role of vitamin D in the reg-
ulation of the immune system.65,66 In fact, in
our previous report5 we studied the distribu-
tion of the immunocompetent cells in ptery-
gium, suggesting that all the effector com-
ponents of the mucosal immune system,
including cells of MPS, are present, and,
therefore, demonstrating that an immuno -
pathogenetic mechanism seems to be
involved in the pathogenesis of pterygium.
Our results on the presence of VDR in leu-
cocyte-like cells are supported by the con-
cept that the induction of VDR by vitamin
D occurs in monocytes and, to a lesser
degree, in mature macrophages67 and that
vitamin D seems to induce the differentia-
tion of monocytes to macrophagse and to
enhance the monocyte function in antigen
presentation.68

Finally, the finding of VDR immunore-
activity in cytoplasm of epithelial goblet
cells in both conjunctiva and pterygium is
in agreement with the study by Paz et al.69

on the role of calcium in mucin packaging
within conjunctival goblet cells. Then con-
junctiva, as skin,70 may represent an impor-
tant target tissue for vitamin D, in which it
may regulate keratinocytes growth and
mucus packaging in goblet cells through the
binding to VDR.
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