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Abstract: While vitamin D exhibits a multitude of cellular effects that can impact on cancer
development and progressiahis review focuses on its immune modulatory efféEtese

immune modulatory effects can be both direct and indi€gmtpared to other cancer types,

head and neck squamous cell carcinomas (HNSCC) have received less attention, but are a
fascination immualogically because of the profound extent to which they inhibit immune
defensesThis review describes the mechanisms of some of these immune inhibitory processes
and how vitamin D can help overcome aspects of this immune suppression.
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1. Induction of Immune Inhibitory Cells by HNSCC

Historically, treatment of head and neck squamous cell carcinoma (HNSCC) has been centered
aroundvarying combination@and sequences of chemotherapy, radiation therapy and suFdshy.
approval of chemotherapeutics has been limitdithough platinumbased agents were the standard of
care for decades, docetaxel was the first chemotherapeutic appraovedHiyAfor use inthe HNSCC
population.However, chemotherapies often lead to short and long term toxgztyiximab was the
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first biologic agent approved by the FDA for use in HNSO@spite the use of various therapies,
including combinationsof chemotherapy, surgery amddiation, survival rates have not changed
dramatically over decadewhile toxicity from treatment may be increasinhe 5year survival of
patients with HNSCC has remained at approximately 60%, although this percentage varies depending
on the stage awhich cancer was diagnosgt]. Thus, new approaches remain necessary to improve
treatment, reduce recurrence, prevent cancer and reduce side effects.

Immunotherapy in head and neck cancer can be used to modify and activate the immune system tc
prevent tunor progression, control tumor growth, and modify the {testor microenvironment.
Immunotherapy is often aimed at reducing tumor recurrence, treatment of minimal disease and
reducing toxicity.Unfortunately, HNSCC patients have profound immune defectsatkafssociated
with increased recurrend2]. For example, lymph nodes BINSCC patients are reduced in size and
have diminished Tell conten{3]. T-cells from about on¢hird of HNSCC patients have been shown
to be unresponsive to stimulation throutle CD3/Fcell receptor[4]. HNSCC patients also have
defects in maturation of dendritic cells, which are critical for stimulating tespecific T-cell
reactivity, and approaches are being tested to stimulate dendritic cell differentiation and {&injion
The impact of immune depressionHINSCC patients on the clinical course of disease is indicated by
the association between reducedéll function and poorer diseaspecific surviva[8]. The outcome
for HNSCC patients witheduced levels of lymphgtes relative to levels of neutrophils is worse than
for patients with an increased proportion of lymphocj®s

The immune depression in HNSCC patients is caused not only by immune suppressive mediators
produced by the HNSCC cells, but also the immuwppressive cells that they indué&ecent attention
has focused on the contribution of M2 macrophages, Th2 skewetlsT Treg cells, myeloiderived
suppressor cells (MDSC) and CD3#ogenitor cells to HNSC@duced immune dysfunctigiOi 16].

The CD34 cells are hematopoietic progenitor cells that intensely express the CD34 madgosed

to the dimmer level of expression by endothelial c€l&ir numbers are elevated in patients with HNSCC,

and they exhibit nospecific suppression of-@ell function [17,18] In healthy individualsCD34 cell

levels are less than 1% of the peripheral blood mononuclear leukocyte population in contrast to patients
with HNSCC, where they compose approximately 5% of the peripheral blood leukocyte population
(Figurel). Shown in Figure 1 are flow cytometric histograms demonstrating the low percentages of cells
staining positive for CD34 in the peripheral blood of a representative healthy subject and the increasec
percentages of CD34ells in two separate HNSCC patierThe increased presence of these CD34

cells is induced by tumederived granulocytenacrophage colongtimulating factor (GM-CSF) and

they are chemoattracted into the HNSCC mass by tai@dved vasculagndothelial cell growth factor
(VEGF) [19]. Thatthese CD34cells are inhibitory to Tell reactivity is demonstrated by the increased
capacity of peripheral blood mononuclear cells to be activated to produegupdh immunomagnetic
depletion of CD34 cells (Figure2). Specifically, peripheral blooghononuclear cells from HNSCC
patients were either unfractionated or were immunomagnetidapleted of CD3% cells. Their
activation to secrete IRy in response to stimulation with ar@D3 and low dose H2 was then
measured by ELISAShown in Figure 2or 6 different HNSCC patients are levels of Hgyroduced

by their mononuclear cells that were either unfractionated or from which ‘Ci284 were depleted.

In the presence of CD34ells, levels of IFNg that are released in response to stimulatioouigin the

T-cell receptor are lower than when CD2#lls are depleted.
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Figure 1.Increased levels of CD34ells in peripheral blood of HNSCC patients.
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The HNSCQpatients were then evaluated for whether tumor stage was associated with the extent to
which CD34 cells were increasetlvhen analyzed without regard to nodal involvement, patients with
stage TiT4 HNSCC have an increase in the percentage of CD8H#s in the peripheral blood
mononuclear cell population as compared to control patients, with no difference seen among groups
with various stages of HNSC{17]. What is most significant is the increase in the percentage of
CD34 cells in patients with node pdsi¢ T1-T4 tumors as opposed to patients without nodal involvement
(Figure 3).This was demonstrated by immunostaining peripheral blood mononuclear cells from HNSCC
patients for CD34 and quantitating the proportion of CDS8ls by flow cytometryShownare levels
of CD34' cellsin the peripheral blood of patients, staged T1 to T4, either with nodal disease or that
were node negative for HNSCEach bar represents results from an individual patiestients with
node positive HNSCC have greater levels @34  progenitor cells in their peripheral blood,
regardless of the cancer stagese increases in levels of CD3hmune inhibitory cells could be
due to increased mobilization from the bone marrow due to tumor production 6Z$Mn fact,
consistentwith the increase in CD34cells in node positive HNSCC patients, thalso have
significantly higher levels of GMCSF than those that are node negaiv. The increase in CD34
cells in HNSCC patients could also be contributed by defective matunatitomore mature cell types.
Consistent with this possibility are reports of HNSCC patients having defects in maturation of
dendritic cells, which are critical for stimulating turrspecific TFcell reactivity[5,20]. It is this latter
observation that beo#e the basis for developing a vitamirbased treatment approach.
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Figure 3. Levels of CD34 cells are increased in the blood of HNSCC patients with nodal
involvement compared to nodeee patients.
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2.0Overcoming Cancerlnduced Immune Inhibitory Mechanisms with Vitamin D

Vitamin D supplementation is becoming increasingly popular for its rotalcium metabolism,
muscular function angrevention of autoimmune and cardiovascular disedglsther or not vitamin D
metabolites impact on cancer demhent has been controversial and has been recently reviewed [21].
Studies have shown that the active metabolt@3dihydroxyvitamin 3 [1,25(OH}Ds] has clinical
effectiveness im hamster buccal pouch tumor mof#]. In mouse models, 1,25(0O); therapycan
reduce the extent of metastatic disease and, when combwméd adoptive immunity, reduces
metastasigd23]. Contributing to the debate of the extent of dnthor effectiveness of vitamin D
metabolites is the variability in the levels of vitamirtiat are used in studies to assess itsaamtcer
potential. Nevertheless, studies have shown vitamin D supplementation improves survival of breast
cancer patients and reduces the risk of developing breast or colorectal [2dn26f. Some studies
haveattributed the anttancer effects of vitamin D to inhibition of proliferatif@¥i 28]. For example,
mice fed a diet with only a low vitamin D content had increased prostatic epithelial cell proliferation,
leaving them more prone to prostate cancer developg2@&nExposure of human endometrial epithelial
cells to progesterone upregulated vitamin D receptor expression and, in turn, the expression of
apoptosisrelated proteins to result in cell cycle arf@].

While the mechanism by which 1,25(QB) exertsits antitumor effects has not been fully
elucidated,t is clear is that vitamin D metabolites possess active immune regulatory properties, albeit
theseproperties can be paradoxickbr example, 1,a4®H).D3; suppresses the inflammatory effects of
the Thl responses in pulmonary tuberculosis, but simultaneously promotes macrophage bactericida
activity [30i 32]. Vitamin D metabolites are protective agaiegperimentally induced autoimmunity,
and preventdendritic, Tcl, and Thl cell differentiatidB0,33] Vitamin D metabolites can exert
antrinflammatory effects to lessen radiatimduced lung inflammation, systemic lupus erythematosus
and multiple sclerosig4i 37].
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In contrast tdhe immune moderating effect of vitamin D metabolitesmfactiousandautoimmune
disease setting, 1,25(0OM)y canactivate the immune system in cancer patients and stimulate intratumoral
immune infiltration[15]. These improvements in astimoral activiy in association with 1,25(Okl);
are intuitively in contrast to the Th2 promoting effects of 1,25¢Dkl)n other settingsSince HNSCC
patients have an accumulation of immune inhibitory CO@@#genitor cells and a defect in dendritic
cell differentiaton [17,38], our studies aimed to determine if vitamin D metabolites could overcome
the dendritic cell differentiation defecthe rational for determining Witamin D metabolites would
stimulated differentiation of immuniahibitory CD34 progenitor cellsnto dendriticcells is based on
prior demonstrations of vitamin D metabolites stimulating differentiation of other cell (¥p&9] In
our studies, CD34cells were isolated from peripheral blood mononuclear cells of HNSCC patients
and cultured with G1-CSF and 14 in the presence or absence of 1,25(Dhl)After 12 days of
culture, cells were detached and immunostained for CD1a and CD83 to idiemifiytic cells as those
that stained positive for both markeresults of these studies showrigure 4indicate that adding the
active metabolite 1,25(0Obkl); to GM-CSF and IL4 doubles the number of dendritic cells that
differentiate from immune inhibitory CD34orogenitor cells from the peripheral blood of HNSCC
patients (Figurel data previoushnot published]41,42] A large proportion of the U.S. population is
vitamin D deficient[43,44, which raises the question of whether vitamin D deficiency contributes to
the defects imlifferentiation of immature CD34ells intomature dendritic cells iINSCC patients.

Figure 4. 1,25(0OH)Ds increases differentiation of HNSCC patient blatetived CD34
cells into dendritic cells.

GM-CSF & IL-4
104 :

GM-CSF, IL-4 & vitD
“mowl . 22%| ° '

9% 58%

.

4%
S e e

100 10" 102 108
CD1a

10100 101

Our in vitro studies showing enhancement of dendritic cell differentiation from CD84s of
HNSCC patients supported determining whether treatment of HNSCC patients with 1z%OH)
would reduce levels of CD34mmune suppressive cells, increase the levels of mature dendritic cells
and increase levels of stimulatedc@lls. For these sidies, patients with newly diagnosed HNSCC
received treatment orally for 3 weeks withrg 1,25(OH)D3 for each of 3 sequential days and then
receive no treatment for 4 dayihis was repeated for 3 weeks, the average duration between diagnosis
and surgichtreatmentHNS CC speci mens that were excised as
were collected for immunohistochemical analyses from patients aftesviieel3period of 1,25(OHID3
treatment (Figures-B, data not previously publishedurgicaly excised HNSCC specimens from
untreated patients were used as contrbigs trial with HNSCC patients showed that 1,25(&b4)
diminishes peripheral blood and intratumoral levels of immunosuppressive’ €BIB#and increases
levels of mature dendriticedls, as identified by positive staining for @IAMP (Figure 5) [15/45].
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Shown in Figure 5 are representative immunostained tissues from two separate untreated patients an
two patients that received 1,25(QB) prior to surgery.

Figure 5. Increasedevels of mature dendritic cells in HNSCC after treated with 1,25(Q3)
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The HNSCC tissue from patients that were either untreated or received 1,ZAB{Qigatment
between diagnosiand surgical treatment were also immunostained for levels of immiiteiimg
cells.Coinciding with the decline in CD34ells and the increased levels of mature dendritic cells was
an increase in CD4nd CDS cells within the tumor tissue, and an increase in intratumoral levels of
T-cells expressing the activation markCD69 (Figuresi®; summary in Figure 9Figures 68 show
representative immunostained tissues from two separate untreated patients and two patients the
received 1,25(OHP; prior to surgeryFigure 9 shows the quantitative increase of these imroeihe
within the HNSCC tissue following 1,25(OHD; treatment.

Clinical outcome of the 1,25(ObD3 treatment was also monitored by the time to cancer recurrence.
Totally unexpected and mosurprising was that the time to cancer recurrence following slrgic
treatment was increased by ovefoBl in the group receiving 1,25(0%D)3 as opposed tthe group of
untreated patien{#5].

Figure 6. Increased levels of CD4ells in HNSCC of patients treated with 1,25(GBR
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Figure 7.Increased levels of CD&ells in HNSCC of patients treated with 1,25(GBY

Figure 8. Increased levels of cells expressing the activation marker, CD69, within HNSCC
tissue of patients treated with 1,25(QBh.

Figure 9. Quantitation of increased immune infiltration withilNBCC tissue of patients
treated with 1,25(OHD:s.



