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a b s t r a c t

Vitamin D has been shown to have anti-proliferative effects in a wide variety of cancers including
lung cancer. The anticancer effects of vitamin D are mediated primarily by its active metabolite, 1,25-
dihydroxyvitamin D (calcitriol), through vitamin D receptor (VDR) signaling. However, thus far there
have been no studies evaluating the association between VDR expression and survival outcome in lung
cancer. Using immunohistochemical analysis, we evaluated VDR expression, separately in the nucleus
and cytoplasm, in lung cancer samples from 73 non-small cell lung carcinoma (NSCLC) patients with
no prior therapy, and investigated the association between VDR expression and overall survival (OS).
Cox proportional hazard models were used for our primary analyses. There were 44 deaths during a
urvival
rognosis

median follow-up of 51 months (range 13–93 months). High nuclear VDR expression was associated
with improved OS after adjusting for age, gender, stage, smoking status, and histology (adjusted haz-
ard ratio, 0.36; 95% confidence interval, 0.17–0.79). There was no association between cytoplasmic VDR
expression and OS. Our results suggest that nuclear VDR status may be a prognostic marker in NSCLC.
Future large studies to replicate our findings and to assess the impact of VDR gene polymorphisms on
VDR expression are required as therapies targeting the vitamin D signaling pathway may be influenced

et lun
by VDR status in the targ

. Introduction

Vitamin D is a steroid hormone that has a well-documented role
n calcium homeostasis and bone mineralization. Collective evi-
ence from preclinical and epidemiological studies indicates that
itamin D status is also inversely associated with risk for various
ancers and cancer mortality [1,2]. Vitamin D is synthesized in the
kin from 7-dehydrocholesterol through solar UV-B exposure or
btained through dietary sources and supplements, is metabolized
n the liver to 25-hydroxyvitamin D (25(OH)D) and subsequently

n the kidney into its active metabolite 1,25-dihydroxyvitamin

(1,25(OH)2D, calcitriol). Vitamin D and its analogues acting
hrough genomic and non-genomic pathways inhibit cell prolifer-
tion, activate apoptotic pathways, inhibit angiogenesis, and exert
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g cancer tissue.
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pro-differentiative effects in a wide variety of cancers. The genomic
pathway is mediated by vitamin D receptor (VDR), a 48 to 55 kD
protein, and a member of the steroid hormone receptor super fam-
ily present in various tissues, including lung. VDR is expressed by
normal and neoplastic cell types, and is located primarily in the
nucleus, although cytoplamic receptors have also been described.
VDR is a ligand activated transcription factor. On binding with its
ligand 1,25(OH)2D, VDR forms a heterodimer with the retinoid-X
receptor (RXR), initiates transcription by interacting with a vitamin
D response element (VDRE) in the promoter regions of target genes
and modulates their expression [3–6].

An inverse association between sunlight and colon cancer mor-
tality was first described in 1980 by Garland & Garland who
hypothesized that vitamin D protects against risk of colon cancer
[7]. Subsequent epidemiological studies have shown an association

between low circulating 25(OH)D levels, a biomarker of vitamin
D exposure, and increased risk for colorectal, breast and prostate
cancers [8–10]. An ecologic study showed an independent inverse
association between UV-B radiation and vitamin D with reduced
mortality at 15 cancer sites [11]. In lung cancer, circulating 25(OH)D

dx.doi.org/10.1016/j.jsbmb.2010.10.002
http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:srinivasanm3@upmc.edu
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evels, along with high vitamin D intake at the time of surgery,
as associated with improved survival in early stage non-small

ell lung carcinoma (NSCLC) patients [12,13]. Polymorphisms in
he VDR gene were also associated with improved survival in early
tage NSCLC patients with squamous cell carcinoma in the same
ohort [14]. The findings from these epidemiologic studies in lung
ancer suggest that the integrity of the vitamin D signaling path-
ay plays a critical role in influencing outcome in NSCLC. Since

he antitumor actions of vitamin D are mediated primarily through
DR [4,5], knowledge of VDR status and its relationship to out-
ome is important in understanding the natural course of this
isease. Additionally, therapeutic efforts targeting this pathway
ill be influenced by VDR status in the lung cancer tissue. With lung

ancer continuing to remain the leading cause of cancer mortality
orldwide despite progress in treatment and early detection, there

s great interest in developing therapeutic options and preventa-
ive approaches for this disease using vitamin D and its analogues
15,16].

VDR expression has been studied in cancers of the breast, col-
rectum, kidney, and lung [17–23]. VDR expression was associated
ith longer survival in human breast cancer [17], colorectal can-

er [20], and cholangiocarcinoma [24]. However, there has been
o study evaluating the association between VDR expression and
urvival outcome in lung cancer. Herein, we investigate the asso-
iation of immunohistochemical expression of VDR with overall
urvival (OS) in a small cohort of patients with NSCLC. Our hypoth-
sis was that VDR expression would be associated with improved
verall survival. We assessed VDR expression in the nucleus and
ytoplasm separately in order to evaluate the role of differential
DR expression.

. Materials and methods

.1. Study participants and setting

The participants of this study belong to one of the cohorts
ecruited by the Tissue and Blood Bank Core and Biostatistics Core
f the Specialized Program of Research Excellence (SPORE) in lung
ancer at the University of Pittsburgh Cancer Institute, between July
997 and January 2006, for translational research projects related
o improving the diagnosis and prognosis of patients with NSCLC.
t comprises patients with histologically confirmed diagnosis of
SCLC, ≥18 and ≤85 years of age, who underwent surgical resec-

ion or surgical staging procedures at the University of Pittsburgh
edical Center (UPMC), and provided written informed consent for

ollection of blood and tissue samples, and follow-up. There are 90
atients in this cohort. Seven patients in whom only metastatic tis-
ue was available and ten patients who had neoadjuvant therapy
ere excluded. The current analysis was restricted to the remaining

3 patients who had no prior history of radiation or chemotherapy,
hose primary tumor surgical resection tissue was available, and

n whom follow-up information was available until April 2009.
e assembled risk factor, lung cancer histology, American Joint

ommittee on Cancer (AJCC) disease stage [25], and follow-up
nformation from outpatient paper charts, inpatient and outpa-
ient electronic medical records, pathology reports, UPMC Cancer
egistry, and Social Security Death Index database searches. The
ate of death was verified with the UPMC Cancer Registry and/or
atient’s physician. The study was approved by the Institutional
eview Board at the University of Pittsburgh.
.2. Immunohistochemistry

Immunohistochemistry was performed with the monoclonal
ntibody 9A7 (Thermo Scientific) for VDR. Five micrometer thick
ections were deparaffinized with 3 rinses of xylene, followed by
try & Molecular Biology 123 (2011) 30–36 31

2 rinses of absolute alcohol, 1 rinse of 95% alcohol, 1 rinse of 70%
alcohol, and 2 rinses of deionizer water. Antigen retrieval was per-
formed using DAKO’s citrate buffer at pH 6 in a Biocare decloaking
chamber. Slides were allowed to cool for 15 min and then rinsed
several times with deionized water. Endogenous peroxidase was
quenched using 3% hydrogen peroxide for 10 min, after which slides
were rinsed with deionized water and placed in TBS buffer for
5 min. The slides were incubated with 300 �L of primary mono-
clonal antibody specific for VDR (1:1000 dilution) for 60 min. Slides
were then rinsed with TBS buffer, followed by incubation with
biotinylated anti-rat IgG (Vector Laboratories) at 1:300 dilution
for 30 min. The slides were again rinsed with TBS buffer for 3 min,
then incubated with DAKO Envision + HRP polymer anti-rabbit for
30 min (DAKO Catalog# K4003), followed by rinses with TBS buffer
for 5 min. The DAKO diaminobenzidine (DAB+) chromagen was
developed for 10 min (DAKO Catalog# K3468). This was followed
by rinsing of the slides in deionized water. All slides were lightly
counterstained with Harris hematoxylin for 15 s before dehydra-
tion, clearing and coverslipping. Appropriate positive and negative
controls were included in the staining process; human small intes-
tine was used as positive control, and the negative control consisted
of rat IgG2b isotype control serum substituted for primary antibody.
Staining was performed on the DAKO Autostainer Plus instrument.
All incubations were performed at room temperature.

2.3. Scoring and cut-off selection

Immunohistochemical expression of VDR was assessed semi-
quantitatively for intensity and proportion of positive staining
tumor cells without knowledge of patient outcomes. We recorded
the proportion (in 5% increments) of tumor cells expressing VDR,
in the nucleus and cytoplasm separately, in each of four integer-
scored intensity levels, none (0), weak (1+), moderate (2+), and
strong (3+), and a immunohistochemical score for each type of
VDR expression was calculated. The immunohistochemical score,
initially described as histochemical score or ‘HSCORE’ [26], is a
numerical value calculated by finding the sum of the percent stain-
ing multiplied by the ordinal value corresponding to each intensity
level. Thus, it is a composite score derived by summing the per-
centage staining multiplied by the weighted intensity of staining,
and can have values ranging from 0 to 300. We used this method
as it is an established method of scoring in our laboratory and is
also used in clinical practice at our institution for scoring steroid
hormone receptors (estrogen receptor, progesterone receptor) in
breast cancer. Additionally, although no consistent scoring meth-
ods have been used to study steroid hormone receptor expression
in lung cancer, two previous studies [27,28] also used a compos-
ite scoring method that reflected both the staining intensity and
percentage of positive tumor cells.

It was decided a priori to use receiver operating characteristic
(ROC) curve analysis [29] for selection of cut-offs for VDR immuno-
histochemical expression as ROC curves have been recommended
as a tool to characterize the performance of immunohistochemical
markers and determine cut-off scores for novel biomarkers [30,31].
ROC curve analysis was performed separately for nuclear and cyto-
plasmic expression scores using mortality (death/censored) as the
end-point, and the score at which the sensitivity and specificity
of the outcome are maximized was chosen as the cut-point for
dichotomization of the VDR expression score into “high” and “low”
expression categories. Low VDR expression was used as the refer-
ence category.
2.4. Statistical analysis

The primary end-point of this study was OS, measured as follow-
up in months from the date of surgery to the date of death from
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Table 1
Characteristics of 73 NSCLC patients by nuclear and cytoplasmic VDR expression.

Characteristic All patients N = 73 Nuclear VDR expression Cytoplasmic VDR expression

High (n = 22) Low (n = 51) Pc High (n = 34) Low (n = 39) Pc

Age at diagnosis of NSCLC 0.570 0.913
Mean +SD 69 ± 7.8 70.1 ± 9.5 69 ± 7 69.2 ± 8.6 69.4 ± 7.1

Gender 0.486 0.368
Female 41 (56.2%) 11 (50%) 30 (58.8%) 21 (61.8%) 20 (51.3%)
Male 32 (43.8%) 11 (50%) 21 (39.6%) 13 (38.2%) 19 (48.7%)

Race 1.000 0.698
White 66 (90.4%) 20 (90.9%) 46 (90.2%) 30 (88.2%) 36 (92.3%)
African-American 7 (9.6%) 2 (9.1%) 5 (9.8%) 4 (11.8%) 3 (7.7%)

Smoking status 0.734 0.459
Current smokers 31 (42.5%) 10 (45.5%) 21 (41.2%) 16 (47.1%) 15 (38.5%)
Former (and never) smokersa 42 (57.5%) 12 (54.5%) 30 (58.8%) 18 (52.9%) 24 (61.5%)

Histology 0.858 0.214
Squamous cell carcinoma 30 (41.4%) 9 (40.9%) 21 (41.2%) 10 (33.3%) 20 (66.7%)
Adenocarcinoma 32 (43.8%) 10 (45.5%) 22 (43.1%) 19 (55.9%) 13 (33.3%)
Adenosquamous carcinoma 5 (6.9%) 2 (9.1%) 3 (5.9%) 2 (5.9%) 3 (7.7%)
Large cell carcinoma 6 (8.2%) 1 (4.6%) 5 (9.8%) 3 (8.8%) 3 (7.7%)

Tumor gradeb 0.816 0.903
Well differentiated 2 (2.7%) 0 (0.0%) 2 (3.9%) 1 (2.9%) 1 (2.6%)
Moderately differentiated 45 (61.6%) 13 (59.1%) 32 (62.3%) 22 (64.7%) 23 (59%)
Poorly differentiated 24 (32.9%) 8 (36.4%) 16 (31.4%) 10 (29.4%) 14 (35.9%)

Disease stage 0.802 0.191
Early-stage (IA–IIB) 48 (65.8%) 14 (63.6%) 34 (66.7%) 25 (73.5%) 23 (59%)
Late-stage (IIIA–IV) 25 (34.2%) 8 (36.4%) 17 (33.3%) 9 (26.5%) 16 (41%)

Status at last follow-up 0.026
Deceased 44 (60.3%) 9 (40.9%) 35 (68.6%) 19 (55.9%) 25 (64.1%) 0.474
Alive 29 (39.7%) 13 (59.1%) 16 (31.4%) 15 (44.1%) 14 (35.9%)

NSCLC: Non-small cell carcinoma; VDR: Vitamin D receptor.
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a Three never smokers were combined with former smokers.
b Tumor grade unknown in two patients.
c P values calculated using �2 test or Fisher’s exact test for categorical variables a

ny cause or until the date of last contact. Patients who were not
eceased were censored at the date that they were last known to be
live (date of last contact). Patient demographic and clinical char-
cteristics were compared separately for nuclear and cytoplasmic
DR expression using Pearson’s �2 test (or Fisher’s exact test when
ppropriate) for categorical variables, and Student’s t-test for con-
inuous variables. Because of the small number of never smokers
n = 3), they were combined with the former smokers in the cur-
ent analysis. The Kaplan–Meier method was used to estimate the
S rates, and log-rank tests were used to compare OS for nuclear
nd cytoplasmic VDR expression. The 95% confidence intervals (CI)
f the survival rates were computed by applying linear transforma-
ion to the survival function S(t). Cox proportional hazards models
ere used for our primary analyses to estimate the hazard ratio

HR) and 95% CI. Factors influencing survival in NSCLC including
istology, disease stage, smoking status, age, and sex [32,33] were
ontrolled for in all the multivariate models regardless of their sta-
istical significance in the univariate associations with survival. Age
as assessed as a continuous variable. Previous studies [12,13] have

hown that vitamin D is associated with improved survival in early
tage (IA–IIB), but not late stage (IIIA–IV) NSCLC. Therefore, we per-
ormed subgroup analysis by stage to assess the association of VDR
xpression with OS in early stage and late stage NSCLC. We also
ested for interaction between VDR expression and disease stage
y introducing a multiplicative interaction term and assessed the
tatistical significance using Wald statistic. The Cox proportional
azards assumption was evaluated by examination of the plot of
he survival curves [log(−log) of the survival distribution function
ersus log (follow-up time in months)], and by using the ‘assess’

tatement in SAS version 9.2 which provides a Kolmogorov-type
upremum test. There was no violation of the proportional hazards
ssumption. All statistical tests were two-sided and P < 0.05 was
onsidered significant. Statistical analysis was performed using SAS
ersion 9.2 (SAS Institute, Cary, NC).
dent’s t-test for continuous variable.

3. Results

3.1. Patient characteristics

A majority of the 73 NSCLC patients were white (90%) and cur-
rent or former smokers (96%), and two-thirds (66%) of the patients
had early stage (stage IA–IIB) disease. Fifty-six percent of patients
were female, and the median age of subjects in this study was
71 years (range 49–85). Adenocarcinoma and squamous cell carci-
noma were the predominant histologies, 44% and 41% respectively
(Table 1).

Of the 73 patients, 44 (60%) were deceased and 29 (40%) still
alive at the time of last follow-up based on the date of last con-
tact. The median follow-up time was 51 months (range, 13–93
months) for the non-deceased patients, and 33 months (range,
1–104 months) for the entire cohort. The five-year OS rate was 36%
(95% CI, 23–49%).

3.2. VDR immunohistochemistry

Based on ROC curve analysis, an immunohistochemical score
>100 for nuclear VDR expression, and >20 for cytoplasmic VDR
expression was considered high nuclear and high cytoplasmic
expression respectively. The area under the curve (AUC) was 0.56
(95% CI, 0.42–0.70) for nuclear VDR and 0.52 (95% CI, 0.38–0.65) for
cytoplasmic VDR for the clinical end-point of mortality.

Overall, among the 73 primary NSCLC cases studied, high
nuclear and cytoplasmic VDR expression was present in 22 (30%)
and 34 (47%) cases respectively. Patient characteristics by nuclear

and cytoplasmic VDR expression are summarized in Table 1, and
nuclear and cytoplamic VDR expression patterns in various his-
tologies are shown in Fig. 1. A higher proportion of men than
women had high nuclear expression (11/32 versus 11/41), whereas
a higher proportion of women than men had high cytoplasmic VDR



M. Srinivasan et al. / Journal of Steroid Biochemistry & Molecular Biology 123 (2011) 30–36 33

F ear VD
c plasm
2

e
s
f
w
a
e
s
A
t
i
p

3

p
w
1
p
a
d
a
h

T
V

V

ig. 1. VDR immunohistochemical expression across various histologies. (A) Nucl
arcinoma. (C) Nuclear and cytoplasmic VDR expression, adenocarcinoma. (D) Cyto
00×). VDR: Vitamin D receptor.

xpression (21/41 versus 13/32), although these findings were not
tatistically significant (Table 1). Patient status (death/alive) at last
ollow-up was significantly associated with nuclear VDR expression
ith high nuclear VDR expression detected in 59% of non-deceased

nd 41% of deceased patients (P = 0.026). The characteristics of VDR
xpression (intensity of staining and percentage of stained cells)
tratified by patient status at last follow-up are presented in Table 2.
lthough not statistically significant, for nuclear VDR expression,

here was suggestion of a trend toward increasing intensity of stain-
ng among non-deceased patients, and decreasing intensity and
ercentage staining among deceased patients.

.3. VDR expression and overall survival

Patients with high nuclear VDR expression had better OS com-
ared to those with low VDR expression (P = 0.077, log-rank test),
ith 5-year OS rates of 59% (95% CI, 39-80%) and 27% (95% CI,

2–41%), respectively (Fig. 2A). In the univariate analysis of Cox

roportional hazards model, high nuclear VDR expression was
ssociated with better OS (HR, 0.52; 95% CI, 0.25–1.09) although this
id not reach statistical significance (P = 0.085). In the multivari-
te analysis (controlling for age, sex, smoking status, disease stage,
istology), there was a statistically significant association between

able 2
DR expression characteristics stratified by patient status at last follow-up.

VDR expression characteristic Nuclear VDR

Deceased n = 44 Alive n = 29

Intensity
0 12 (27.3%) 6 (20.7%)
1 11 (25.0%) 6 (20.7%)
2 11 (25.0%) 7 (24.1%)
3 10 (22.7%) 10 (34.5%)
Percentage positive cellsa

0 12 (27.3%) 6 (20.7%)
5–15 6 (13.6%) 6 (20.7%)
20–50 10 (22.7%) 3 (10.3%)
55–80 9 (20.5%) 5 (17.2%)
85–100 7 (15.9%) 9 (31.0%)

DR: Vitamin D receptor.
a Percentage of tumor cells expressing VDR was recorded in 5% increments.
b P values calculated using �2 test.
R expression, squamous cell carcinoma. (B) Cytoplasmic VDR expression, adeno-
ic VDR expression, large cell carcinoma. (Original magnification. A, C: 400×; B, D:

high nuclear VDR expression and OS with an adjusted HR of 0.36
(95% CI, 0.17–0.79; P = 0.011; Table 3). This association remained
significant even after tumor grade was added as a covariate to the
multivariate model (HR, 0.38; 95% CI, 0.17–0.82; P = 0.015).

High cytoplasmic VDR expression was not associated with OS
in the univariate and multivariate Cox proportional hazard models
(Table 3). The five-year OS rate for patients with high cytoplasmic
expression was 33% (95% CI, 10–55%), and 36% (95% CI, 20–52%) for
those with low cytoplasmic VDR expression (Fig. 2B).

In subgroup analysis by stage, the associations between nuclear
VDR expression and OS were statistically similar in early and late
stage NSCLC (adjusted HR, 0.34; 95% CI, 0.11–1.09 versus adjusted
HR, 0.39; 95% CI, 0.11–1.34, respectively; P for interaction = 0.9).
The 5-year OS rates were 64% (95% CI, 39–89%) for high nuclear
VDR expression and 32% (95% CI, 12–52%) for low nuclear VDR
expression in early stage, and 50% (95% CI, 15–85%) and 14% (95%
CI, 0–31%), respectively, for late stage. Cytoplasmic VDR expression
was not associated with OS in early and late-stage NSCLC (Table 3).

The 5-year OS rates were 31% (95% CI, 2–60%) for high cytoplas-
mic expression and 46% (95% CI, 23–69%) for low cytoplasmic
expression in early stage. For late stage, the corresponding 5-year
OS rates were 33% (95% CI, 3–64%) and 21% (95% CI, 0.02–42%),
respectively.

Cytoplasmic VDR

Pb Deceased n=44 Alive n=29 Pb

0.721 0.974
11 (25.0%) 7 (24.1%)
16 (36.4%) 12 (41.4%)

8 (18.2%) 5 (17.2%)
9 (20.5%) 5 (17.2%)

0.372 0.983
11 (25.0%) 7 (24.1%)
11 (25.0%) 7 (24.1%)

6 (13.6%) 3 (10.3%)
7 (15.9%) 6 (20.7%)
9 (20.5%) 6 (20.7%)



34 M. Srinivasan et al. / Journal of Steroid Biochemistry & Molecular Biology 123 (2011) 30–36

Fig. 2. Kaplan–Meier survival curves for nuclear and cytoplasmic VDR expression.
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A) Nuclear VDR expression. Patients with high nuclear VDR expression had better p
est). (B) Cytoplasmic VDR expression. No difference in OS between patients with
eceptor; OS: Overall survival

. Discussion

We evaluated the association of VDR expression with OS in a
mall cohort of patients with NSCLC who had received no prior
herapy. We found that high nuclear VDR expression was indepen-
ently associated with better OS in the overall study population.
o such association was observed for cytoplasmic VDR expression.

Our results support our hypothesis that VDR expression is asso-
iated with improved survival in NSCLC. The role of VDR signaling in
ediating improved survival and preventing metastatic growth has

een shown in various malignancies in preclinical studies [34–36]
nd lend support to our findings. In vivo studies have demonstrated
hat in a defined animal model, acting through VDR, 1,25(OH)2D
nhibits metastatic growth of lung carcinoma cell lines [34], while
n vitro studies in breast cancer have shown that ablation of VDR
hortens survival in MMTV-neu mice [36]. Additionally, a pilot
tudy of human carcinomas (including lung) that measured VDR
oncentration using an immunoradiometric assay showed that an
lteration in VDR number occurs when a cell undergoes malignant
ransformation and suggested a role for VDR measurement as a

arker of prognosis [37].
There have been few studies of VDR expression in lung cancer

22,23]. Although these studies performed immunohistochemistry
sing the same monoclonal antibody to VDR as our study, they
ach used a different approach to quantify the immunohistochem-
cal expression of VDR. Kaiser et al. [22] detected only nuclear VDR
xpression in their 37 NSCLC samples, and described the percent-
ges of cells displaying nuclear receptor expression across various
istologies. In our study, we detected both nuclear and cytoplas-
ic VDR expression among the various histological subtypes of
SCLC. Menezes et al. [23] performed a descriptive study of VDR

mmunohistochemical expression across the lung carcinogenesis
pectrum in 35 patients with lung cancer and 78 premalignant
ronchoscopic biopsy specimens. They assessed the intensity of
taining and percentage of positive staining separately for nuclear
nd cytoplasmic VDR expression, and found that VDR expression
as similar among squamous cell carcinoma and adenocarcinoma
istologies with more nuclear than cytoplasmic expression, and
oted that cytoplasmic VDR was generally lacking in their tumor
amples compared to non-tumor samples. We found high nuclear
DR expression among adenocarcinomas and squamous cell car-
inomas. A higher proportion of adenocarcinomas in our study
lso retained high cytoplasmic expression compared to other his-

ologies. Both Menezes et al. and Kaiser et al. did not evaluate
he relation of VDR expression with outcome. Therefore, we were
nable to perform a direct comparison of our other study findings.

Our findings suggest that both VDR expression characteristics,
ntensity of staining and percentage of stained cells, may influ-
ility of OS compared to those with low nuclear VDR expression (P = 0.077, log-rank
versus low cytoplasmic VDR expression (P = 0.963, log-rank test). VDR: Vitamin D

ence the mortality end-point for nuclear (but not cytoplasmic) VDR
expression.

Upon ligand binding, VDR transits from the cytoplasm to the
nucleus, where it regulates gene expression. In colon cancer cells,
it has been shown that a cytosolic pool of VDR can also rapidly acti-
vate an intracellular signaling cascade (in response to 1,25(OH)2D
treatment) that ultimately enhances transcriptional regulation by
nuclear VDR [38]. To evaluate the potential importance of this
non-genomic signaling pathway, we separately quantified VDR
expression in the nucleus and cytoplasm of tumor cells. We
observed high cytoplasmic VDR expression in women, and subjects
with adenocarcinoma histology. The biological mechanism for this
differential VDR expression among certain individual characteris-
tics is unclear. In a recent study of 619 patients with colorectal
cancer, cytoplasmic VDR overexpression was independently asso-
ciated with K-ras and PI3KCA mutations [18]. Additionally, studies
conducted in NSCLC cell lines in our laboratory (unpublished data,
Hershberger PA) reveal that cell lines with K-ras mutations tend to
have lower nuclear VDR expression compared to cell lines without
K-ras mutations. K-ras mutations occur predominantly in lung ade-
nocarcinomas, and most of these mutations are smoking-related
G-T transversions [39]. Since the majority of patients in our study
were current or former smokers, it is possible that they may harbor
K-ras mutations that may be responsible for the higher cytoplasmic
(and lower nuclear VDR) expression among these patients.

The differences in VDR expression between males and females
in our study cannot simply be attributed to differences in estrogen
exposure for two reasons. First, the mean age of patients analyzed
in our study was 69. Thus, a majority of the females we analyzed
were likely to be post-menopausal. Secondly, recent studies have
shown that a majority (>80%) of primary lung tumors from both
males and females express aromatase, the enzyme that synthesizes
estradiol from androgens [40]. Because lung tumors in both males
and females have the capacity to locally synthesize and respond to
estradiol, any effect of estrogen on VDR expression could poten-
tially occur in both sexes.

VDR activity may also be affected by other members of the vita-
min D signaling pathway [3]. Additionally, polymorphisms in the
VDR gene may influence VDR expression in lung cancer tissue and
need to be investigated in future studies.

Zhou et al and Heist et al studied the effect of vitamin D sta-
tus in early and advanced stage NSCLC respectively [12–14,41]. In a
study of 456 patients with early stage NSCLC, Zhou et al found that

improved survival was associated with seasonality (surgery during
summer) and high recent vitamin D intake [12]. In the same cohort
of early stage patients, circulating 25(OH)D levels were also associ-
ated with improved survival, and Cdx-2 polymorphisms in the VDR
gene were associated with improved survival in patients with squa-
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mous cell carcinoma [13,14]. However, there was no association of
survival with circulating 25(OH)D levels in late stage NSCLC [41].
In our early stage patients, high nuclear (but not cytoplasmic) VDR
expression was associated with better survival, and a similar trend
was seen in our late stage patients although it was statistically non-
significant. Larger studies are warranted for definitive conclusions,
and if our findings are confirmed, indicate that vitamin D based
therapies may also be beneficial in late stage NSCLC patients with
high nuclear VDR expression. In fact, the protective effects of a suf-
ficient vitamin D status on various diseases, including cancer, has
already led to recommendations for clinical practice [42].

Our study has many limitations. Our conclusions are limited by
the small sample size. However, despite this limitation, nuclear
VDR expression was independently associated with improved over-
all survival in NSCLC after controlling for some of the important
determinants of survival suggesting that the effect size was large
enough to be significant. A major limitation is the absence of serum
25(OH)D levels in our NSCLC patients. Hence, we were unable to
evaluate the joint effects of VDR expression and serum 25(OH)D
levels. Our smoking status information was based only on data col-
lected at the time of recruitment, and is subject to recall bias. For
the survival analysis, we assessed OS only as we were unable to
distinguish deaths due to lung cancer from deaths due to other
causes. Additionally, other factors that influence survival in lung
cancer such as performance status, adjuvant therapy after surgical
resection were not assessed. Other unadjusted factors in our study
include solar UV-B exposure, season of surgery, dietary intake, and
body mass index, all of which influence vitamin D levels. A majority
of our study population was Caucasian. This may influence vita-
min D status as dark-skinned individuals require more exposure
to UV-B radiation than light-skinned individuals for producing an
equivalent amount of vitamin D [1]. Another limitation is general-
izability of findings to other populations as our study is based on
a convenient sample of patients who were recruited based on cer-
tain eligibility criteria and underwent surgical resection of their
primary lung cancer at a tertiary care hospital (UPMC). Despite
the limitations, there is biological plausibility to support our study
results, and even the upper limit of our estimate indicates a 21%
improvement in overall survival for patients with high nuclear VDR
expression after adjusting for some other important predictors of
survival in NSCLC. These findings suggest a role for VDR as a biologi-
cal marker of prognosis in NSCLC. The patients in our study received
no prior neoadjuvant chemotherapy or radiation therapy, thereby
eliminating any bias associated with the predictive value of VDR on
outcome that may be related to prior therapy. There was minimal
missing data in our study.

5. Conclusion

In conclusion, the findings of our study, the first to evaluate the
association of VDR expression with survival in NSCLC, although lim-
ited by sample size, show an independent association of nuclear
VDR expression with better overall survival and suggest that anal-
ogous to estrogen receptor status in breast cancer, VDR may be a
prognostic marker in NSCLC. Future large studies with more diverse
racial groups to confirm the validity of our results, and to assess
the impact of interaction of other factors in the vitamin D signaling
pathway with VDR expression are warranted.
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