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Safety and immunologic effects of high- vs

low-dose cholecalciferol in multiple
sclerosis

o a

ABSTRACT

Objective: To study the safety profile and characterize the immunologic effects of high- vs
low-dose cholecalciferol supplementation in patients with multiple sclerosis (MS).

Methods: In this double-blind, single-center randomized pilot study, 40 patients with relapsing-
remitting MS were randomized to receive 10,400 IU or 800 IU cholecalciferol daily for 6 months.
Assessments were performed at baseline and 3 and 6 months.

Results: Mean increase of 25-hydroxyvitamin D levels from baseline to final visit was larger in the
high-dose group (34.9 ng/mL; 95% confidence interval [Cl] 25.0-44.7 ng/mL) than in the low-
dose group (6.9 ng/mL; 95% CI 1.0-13.7 ng/mL). Adverse events were minor and did not differ
between the 2 groups. Two relapses occurred, one in each treatment arm. In the high-dose group,
we found a reduction in the proportion of interleukin-17+CD4* T cells (o = 0.016), CD161+CD4+*
T cells (p = 0.03), and effector memory CD4* T cells (p = 0.021) with a concomitant increase in
the proportion of central memory CD4* T cells (p = 0.018) and naive CD4* T cells (p = 0.04).
These effects were not observed in the low-dose group.

Conclusions: Cholecalciferol supplementation with 10,400 IU daily is safe and tolerable in pa-
tients with MS and exhibits in vivo pleiotropic immunomodulatory effects in MS, which include
reduction of interleukin-17 production by CD4* T cells and decreased proportion of effector
memory CD4* T cells with concomitant increase in central memory CD4* T cells and naive
CD4+* T cells.

Classification of evidence: This study provides Class | evidence that cholecalciferol supplementa-
tion with 10,400 IU daily is safe and well-tolerated in patients with MS and exhibits in vivo
pleiotropic immunomodulatory effects. Neurology® 2016;86:382-390

GLOSSARY

25(0H)D = 25-hydroxyvitamin D; Cl = confidence interval; EAE = experimental autoimmune encephalitis; IFN = interferon;
IL = interleukin; IND = investigational new drug application; LOWESS = locally weighted scatterplot smoothing; MHC =
major histocompatibility complex; MS = multiple sclerosis; PBMC = peripheral blood mononuclear cells.

Low serum 25-hydroxyvitamin D levels [25(OH)D] are associated with an increased risk of
multiple sclerosis (MS), and in established disease are associated with increased disability and
clinico-radiologic disease activity.'” Administration of vitamin D prevents or ameliorates exper-
imental autoimmune encephalitis (EAE; murine model of MS).®” These observations may
reflect the pleiotropic immunomodulatory effects of vitamin D, involving the innate and adap-
tive immune system.””

The majority of studies examining the immunologic effects of vitamin D have been con-
ducted either in vitro or in animal models, and human studies have employed differing methods
and produced discrepant results.'®"* The immunologic effects of high-dose compared to low-
dose vitamin D in patients with MS remain unclear. We also sought to confirm that cholecal-
ciferol at 10,000 IU daily is well-tolerated in patients with MS."?
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METHODS Standard protocol approvals, registrations,
and patient consents. Johns Hopkins University Institutional
Review Board approval was obtained for the study protocol and
written informed consent was obtained from all participants. The
trial was registered with ClinicalTrials.gov (NCT01024777). An
investigational new drug application (IND) was obtained from the

Food and Drug Administration (IND 105,978) (P.A.C.).

Participants. Inclusion criteria were a diagnosis of relapsing-
remitting MS,'¥ age 18-55 years, and screening (within
1 month of baseline) serum 25(OH)D level of 20-50 ng/mL.
Exclusion criteria were high-dose vitamin D supplementation (daily
intake >1,000 IU) or change of immunomodulatory therapy within
the past 3 months, systemic glucocorticoid therapy or relapse within
30 days, pregnancy, serum creatinine >1.5 mg/dL, hypersensitivity
to vitamin D preparations, and history of hyperparathyroidism,

tuberculosis, sarcoidosis, or nephrolithiasis.

Design. This was a single-center, randomized, double-blind
pilot study conducted between April 2010 and January 2013 at
the Johns Hopkins Hospital. Forty patients were randomized to
receive 10,000 TU or 400 IU of cholecalciferol (Continental
Vitamin Company, Vernon, CA) daily for 6 months. In addition,
all study participants received a daily multivitamin (LuckyVitamin,
Conshohocken, PA) including 400 IU cholecalciferol and
1,000 mg calcium.

Sample size was calculated based on in vitro data of our group
that treatment of immune cells with vitamin D results in a >50%
absolute reduction in interferon (IFN)-y-producing cells. Based
on this, a sample size of 20 per group would have a 90% power to
detect a 50% or greater reduction in the high-dose group, pro-
vided that no change would occur in the low-dose group.

The primary outcomes of this study were the change in the
proportion of IFN-y* and interleukin (IL)-17*CD4* T cells
in the high- vs low-dose group and the relative frequency of
adverse events between the 2 groups. Secondary outcomes were
changes in other immune cell subtypes (outlined below). The
classification of evidence assigned to these outcomes is Class I.

Participants were stratified by sex and randomized by blocks of
4, to ensure a similar sex ratio in the 2 intervention groups, since
the immunologic effects of cholecalciferol may differ by sex.'>'¢
Randomization was performed by the Johns Hopkins Investiga-
tional Drug Pharmacy using a validated, automated system. Study
personnel and participants were blinded to the study intervention
dose.

Study visits were performed at baseline, 3 months, and 6
months. Patients were interviewed by telephone monthly between
visits to assess compliance, additional vitamin D intake, and adverse
events. Figure e-1 on the Neurology® Web site at Neurology.org
outlines the study design.

Treatment was discontinued for adverse events possibly
related to the study drug, including but not limited to gastroin-
testinal disturbances, hypercalcemia, and nephrolithiasis. Spot
urine calcium:creatinine ratios were checked at the mid- and
end-study visit, and if elevated (>0.21 mg/mL), a 24-hour urine
calcium measurement was performed. If the 24-hour urine cal-
cium was also elevated (>300 mg/24 h), the dosing frequency

was decreased to every other day.

Laboratory assays and immunologic outcomes. Peripheral
blood mononuclear cells (PBMC) were isolated from whole
blood as previously described.!” PBMC were frozen with a cryo-
protectant in liquid nitrogen until assays were performed.
Serum was isolated from whole blood and stored at —80°C.
Discussion of the effects of cryopreservation on PBMC may be

found elsewhere.!®1?

Serum 25(OH)D levels were measured by chemiluminescent
immunoassay at the Johns Hopkins Hospital Clinical Pathology
Laboratory.

Assays of CD4* ry T-cell sub pro-
duction. Cryopreserved PBMC were thawed and cultured with
Dynabeads (anti-CD3/anti-CD28; Life Technologies, Carlsbad,
CA) for 5 days as previously described.” At the end of the culture

1

and cyta

duration, cells were either collected and stained with antibodies to
CD4, CCR7, and CD45RO (Biolegend, San Diego, CA) to char-
acterize memory T-cell subsets (CD45RO™CCR7" T,y cells,
CD45RO*CCR7" Tcp cells, and CD45RO*CCR7 ™~ Ty cells)
or stimulated for 4 hours with phorbol myristate acetate and ion-
omycin (BD Biosciences, Franklin Lakes, NJ) to induce cytokine
expression, which was captured within cells using brefeldin A and
monensin (BD Biosciences) and then surface stained with anti-
CD4 (Biolegend) and fixed and permeabilized using the Foxp3
staining buffer kit (eBioscience, San Diego, CA) to enable intra-
cellular cytokine staining using anti-human IFN-y and IL-17
(eBioscience). Appropriate unstained and fluorescence minus one
controls were also prepared. Cells were acquired on a BD Bio-
sciences FACS Calibur and data were analyzed using FlowJo
(Treestar, Ashland, OR).

Immunophenotyping of cryopreserved PBMC without

immune stimulation and serum cytok z.
Immunophenotyping without immune stimulation (antibodies
shown in table e-1) and serum cytokine measurement were per-
formed by the Human Immune Monitoring Center at Stanford
University. Details regarding the utilized protocols are available

at heep://iti.stanford.edu/himc/protocols.html.

Statistical methods. 25(OH)D levels were deseasonalized and
calculated as the predicted level on January 1 as previously
described.* The Shapiro-Wilk test was used to evaluate the
normality of distributions. Comparisons were performed utilizing
appropriate statistical methods, including paired or unpaired ¢ tests,
Wilcoxon signed-rank test, Mann-Whitney U test, or Fisher exact
test. Comparisons of the changes from baseline to final visit of
immunologic parameters between the study arms were performed
utilizing generalized estimating equations. Immunologic data
were censored at the time of change/discontinuation of
immunomodulatory therapy or discontinuation of vitamin D
supplementation. Statistical significance was defined as p < 0.05.
A locally weighted scatterplot smoothing (LOWESS) plot was used
to visualize the relationship between changes in serum 25(OH)D
and IL-17"CD4" T cells and a linear regression model with a
spline term was used to study the relationship between these 2
variables.

Serum cytokine changes were analyzed utilizing significance
(statweb.stanford.edu/~tibs/SAM/).
Other analyses were performed with Stata version 11 (StataCorp,
College Station, TX) or GraphPad Prism (GraphPad Software, La
Jolla, CA).

analysis of microarrays

RESULTS Study population. Nineteen patients were
randomized to the high-dose group and 21 patients
to the low-dose group. Baseline characteristics did
not differ between the 2 groups (table 1).

Participant flow, adverse events, and safety outcomes.
The trial profile is shown in the flow diagram (figure 1).
Adverse events are summarized in table e-2. Thirty-five
patients completed all study visits, 2 patients completed
the baseline and mid-study visits only, and 3 patients
completed only the baseline visit. Two patients
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mean (SD)

[ Table 1 Baseline demographics and clinical characteristics
High-dose group Low-dose group
(n=19) (n=21) p Value

Age, y, mean (SD) 41.3(8.1) 38.8(8.8) 0.36
Female, n (%) 14 (74) 14 (67) 0.74
Race, n (%)

Caucasian 15 (79) 16 (76)

African American 4 (21) 4(19) 1.0

Asian 0(0) 1(5)
EDSS, median (IQR) 3(2.0-4.0) 2.5 (2.0-3.5) 0.35
Disease duration, y, mean (SD) 8.2(5.7) 7.8 (5.4) 0.82
Immunomodulatory therapy, n (%)

Interferon-g 6 (32) 6 (29) 0.47

Glatiramer acetate 3(16) 7 (33)

Natalizumab 6 (32) 5 (24)

Fingolimod 2(11) 2(10)

Abatacept — 1 (5)

Untreated 2(11) =
Serum 25(0H)D ng/mL, mean (SD) 27.1(8.9) 27.9 (8.5) 0.77
Deseasonalized 25(0H)D ng/mL, 24.8 (8.9) 25.5(8.3) 0.80

Abbreviations: 25(0H)D = 25-hydroxyvitamin D; EDSS = Expanded Disability Status Scale;

IQR = interquartile range.
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completed end-study visits at 4 months (1 high-
dose, 1 low-dose) due to impending change of
immunomodulatory therapy by their treating
neurologist due to radiologic progression of disease.

Three patients developed nausea that resolved after
discontinuation of supplementation. Of these patients,
1 in the low-dose group discontinued the intervention
after the mid-study visit but completed the 6-month
follow-up, 1 in the high-dose group discontinued the
intervention after the mid-study visit and withdrew
from the study, and 1 in the high-dose group discon-
tinued the intervention 1 week after the baseline visit
and withdrew after the mid-study visit.

Two patients in the low-dose group withdrew
prior to the mid-study visit due to adverse events (uri-
nary incontinence and anal fissure), which were not
believed by the treating physician to be related to vita-
min D supplementation.

One patient in the low-dose group was found to
be HIV-seropositive shortly after completing the
study and was excluded from immunologic analyses.

One patient in the high-dose group was found at
the mid-study visit to have a serum calcium level of
10.6 mg/dL (reference range 8.4-10.5 mg/dL; baseline
visit calcium 10 mg/dL) with a normal urine calcium:
creatinine ratio and a serum 25(OH)D level of 83
ng/mL. Supplementation was discontinued per study
protocol and at 6 month follow-up serum calcium
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normalized to 10.0 mg/dL and serum 25(OH)D level
was 28 ng/mL.

Fourteen patients had increased spot urine calci-
um:creatinine ratios at either the mid- or end-study
visit, (9 high-dose, 5 low-dose). Eight of these com-
pleted 24-hour urine calcium measurements with 4
being elevated (3 of 6 high-dose, 1 of 2 low-dose).
The frequency of elevated urine calcium:creatinine
ratio and increased 24-hour urine calcium excretion
did not differ between treatment groups (p = 0.31
and p = 0.32, respectively). The dosing frequency for
1 patient in each treatment group with elevated 24-
hour urine calcium excretion detected prior to study
completion was decreased to every other day per
study protocol.

End-study urine calcium:creatinine ratio was
greater in the high-dose relative to the low-dose group
(p = 0.03) and serum parathyroid hormone, calcium,
phosphate, and creatinine levels did not differ between
visits or groups (table e-3).

Serum 25(OH)D level changes in response to treatment.
Serum 25(OH)D levels did not differ at baseline
between the 2 treatment groups (table 1), but at sub-
sequent visits 25(OH)D levels increased more in the
high-dose group compared to the low-dose group
(figure 2, table e-3). Mean change from baseline to
the end-study visit in the high-dose group was 34.9
ng/mL (95% confidence interval [CI] 25.0-44.7 ng/
ml) and in the low-dose group 6.9 ng/mL (95% CI
1.0-13.7 ng/mL).

Relapses. One relapse in each treatment arm occurred
during the study. One patient in the high-dose group
experienced a relapse 7 weeks prior to the mid-study
visit and received glucocorticoids and completed the
study as scheduled and 1 patient in the low-dose
group experienced a relapse that coincided with the
end-study visit and blood samples were collected
prior to glucocorticoid administration.

High-dose cholecalciferol reduces the proportion of IL-17-
producing CD4* T cells. In the high-dose group,
the proportion of IL-177CD4" T cells decreased
between baseline and final visits while in the low-dose
group a similar effect was not noted (figure 3, A and B;
table 2). The change was greater in the high-dose group
compared with the low-dose group (table 2). Greater
reductions in the proportion of IFN-y*CD4" T cells
and double-positive IFN-y*IL-17*CD4" T cells
occurred in the high-dose group as compared to the
low-dose group, but these changes were not significant
(table 2).

Immunophenotyping of PBMC in the absence of
immune stimulation demonstrated a decrease in the
CD161*CD4" cells in the high-dose group but not
the low-dose group (table 2). The CDI61 gene is



[ Figure 1 Study flow diagram

Assessed for eligibility

(N=45)
Excluded (n=5)
* Did not meet inclusion
criteria (4)
* Declined to participate (1)
Randomized
(n=40)

Allocated to high-dose group (n=19)
* Received allocated intervention (19)

Allocated to low-dose group (n=21)
» Received allocated intervention (20)
* Did not receive allocated
intervention (baseline blood
samples severely hemolyzed, at
repeat baseline visit all samples
could not be obtained; n=1)

Lost to follow-up (withdrew from study
due to Gl disturbances but completed
2nd study visit; n=2)
Discontinued Intervention (n=3)
» Hypercalcemia (1)
* Gl disturbances (2)
Dose modified to every other day (n=1)
* Increased 24hr urine Ca2+ (1)

Lost to follow-up (withdrew from study
due to adverse events; n=2)
* Urinary incontinence (1)
* Anal fissure (1)
Dose modified to every other day (n=1)
* Increased 24hr urine Ca2+ (1)

!

Analyzed (n=18)

» Excluded from analysis
(discontinued vitamin D
supplementation prior to return
study visit; n=1)

Analyzed (n=17)
» Excluded from analysis (found to be
HIV-positive after end of study visit;
n=1)

Flow diagram of the progress of the 2 study groups through the phases of this study including enrollment, randomization,

follow-up, and data analysis. Gl = gastrointestinal.

highly upregulated in Th17 clones and is considered
to be a membrane marker of IL-17-producing cells,
further corroborating the finding of decreased IL-17
production in CD4" cells from high-dose treated pa-
tients.”® However, when comparing the degree of
change of CD47CD1617 cells between groups, this
was not significant (p = 0.37).

Reductions in IL-17 production correlate with increase in
serum 25(OH)D. As depicted in the LOWESS plot
(figure 3E), the relationship between the change
in IL-17°CD4" T cells and the change in serum

25(OH)D is best approximated by a linear spline
and hence this relationship was modeled using lin-
car regression with a breakpoint at 18 ng/mL of 25
(OH)D. This demonstrated that when the increase
in serum 25(OH)D was greater than 18 ng/mlL,
every 5 ng/mL increase led to 1.0% absolute
decrease in the percentage of IL-177CD4" T cells
(95% CI —0.4% to —1.4%, p = 0.003), while an
increase in serum 25(OH)D less than 18 ng/mL
did not result in a significant change in
IL-177CD4* T cells (—0.5%, 95% CI —1.5% to
0.5%, p = 0.31).
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[ Figure 2 Serum 25-hydroxyvitamin D level in the treatment groups ]
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This figure provides boxplots of the serum 25-hydroxyvitamin D [25(0H)D] levels at each
visit in the 2 study groups and shows significant p values for comparisons of the serum
25(0OH)D at the mid- and end-study visits compared to baseline for each group, as well as for
comparisons between groups at each visit. *Significant difference between low-dose and
high-dose group at given visit (p < 0.0001).
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High-dose cholecalciferol treatment results in a reduction
in the proportion of effector memory CD4" T cells, an
increase in central memory CD4% T cells, and naive
CD4* T cells. In the high-dose group, there was a
reduction in the proportion of CD4" Tgy cells
between baseline and end-study visits, while in the
low-dose group no change was noted (figure 3, C and
D; table 2). Concomitantly, an increase in the
proportion of CD4" Ty cells was noted in the high-
dose group but not in the low-dose group (table 2). A
strong correlation was noted between the reduction in
CD4" Ty cells and the reduction in IL-177CD4" T
cells (Spearman rho = 0.59, p = 0.0005; figure 3F).

Immunophenotyping of PBMC without immune
stimulation demonstrated increased CD45RA"CD4™"
cells (i.e., naive CD4" T cells) in the high-dose group
but not the low-dose group (table 2). Analyses com-
paring the degree of change in these immunologic
populations between the 2 treatment arms were not
significant (table 2).

High-dose vitamin D treatment results in a decrease in
the CD85j* proportion of CD8* T cells. We observed a
decrease in the CD85j" proportion of CD8™ cells in the
high-dose group but not in the low-dose group (table 2).
CD85j, also known as LILRB1 or LIR-1, is an inhibitory
receptor for major histocompatibility complex (MHC)
Class I molecules and modulates both cytotoxic and
regulatory responses.”"** Comparison of the change in
the CD85j" proportion of CD8" cells between the 2
groups was not significant (p = 0.07).

We did not observe any significant changes in
the other immune cell subtypes that were studied
(table e-1).
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Vitamin D treatment does not affect serum concentration
of cytokines. Fifty-one cytokines were measured in the
serum of the treated patients at baseline and at end-
study. No differences were observed in either of the
2 treatment groups. Results are presented in a post-
cluster heat map in figure e-2.

DISCUSSION In this randomized, double-blind,
active comparator-controlled trial of high- vs low-
dose cholecalciferol supplementation in MS, we have
demonstrated that 10,400 IU daily cholecalciferol is
safe and tolerable in patients with MS and increases
serum 25(OH)D levels to levels proposed to be
sufficient in MS.? Furthermore, the high-dose group
exhibited reductions of IL-17 production by CD4"
cells and decreased proportion of effector memory
CD4" T cells with concomitant increase in central
memory CD4" T cells and naive CD4" T cells.

The optimal levels of serum 25(OH)D in MS are
currently unclear. Observational studies have demon-
strated an inverse linear relationship between 25(OH)
D levels and clinico-radiologic disease activity, with
no threshold effect observed. However, an important
caveat is that the majority of patients in these studies
had levels below 60 ng/mL.>~ Thus it has been pro-
posed that 25(OH)D levels between 40 and 60 ng/
mL may be the optimal target for patients with MS.?
In our study, supplementation with 800 IU daily was
inadequate to achieve this goal, whereas supplemen-
tation with 10,400 IU daily achieved the desired
levels, with no difference in safety outcomes. Ran-
domized controlled trials are currently underway to
examine the effects of vitamin D supplementation on
clinical and radiologic outcomes, with dosages of
5,000 to 10,000 IU daily.?*-**

CD4"IL-17* T cells (Th17) have been implicated
as a major contributor to the immunopathogenesis of
MS. IL-17 appears to play a crucial role in the develop-
ment of EAE and IL-17* T cells and IL-17 gene expres-
sion are increased in MS lesions.**?* Additionally,
IL-17 expression is augmented in the peripheral blood
and the CSF of patients with MS during clinical exac-
erbations.”” Furthermore, single nucleotide polymor-
phisms in the gene encoding CD161 (KLRBI),
which is considered to be a surface marker of IL-17-
producing cells and is present on a steroid refractory
subset of Th17s expressing P-glycoprotein, have been
associated with an increased risk of MS.2%3%3! Thus,
our finding that high-dose cholecalciferol leads to a
decrease in the proportion of CD4*IL-17" T cells in
the peripheral blood of patients with MS suggests that
this may be a major mechanism underlying the possi-
ble therapeutic role of vitamin D in MS. Moreover,
our finding that high-dose cholecalciferol decreases the
CD161" proportion of CD4" cells further corrobo-
rates this finding.



Figure 3 Flow cytometry plots and line graphs of changes in immune cell subtypes and scatterplots showing relationships among change in
IL-17+CD4* T cells, change in serum 25-hydroxyvitamin D (25(0H)D), and Tgy cells
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(A) Representative flow cytometry plots of interleukin (IL)-17 and interferon (IFN)-y staining in CD4* cells in the high- and low-dose groups at baseline and end-
study visits. Note the large decrease in the IL-17* proportion of CD4* cells in the high-dose patient. (B) Line graphs with the percentage of IL-17*CD4* cells at
baseline and end-study visit, with each line representing an individual patient. (C) Representative flow cytometry plots of CCR7 and CD45R0 staining in CD4*
cells in the high- and low-dose groups at baseline and end-study visits. Note the large decrease in the CD45R0O*CCR7~ Tgy cells with a concomitant increase in
the CD45R0O*CCR7* Ty cells in the high-dose patient. (D) Line graphs with the percentage of Tgy CD4* cells at baseline and end-study visit, with each line
representing an individual patient. (E) A locally weighted scatterplot smoothing plot was used to visualize the relationship between changes in serum 25(0H)D
and IL-17-CD4* T cells. Low-dose patients are demonstrated with rhombi and high-dose patients with circles. Given the nonlinear relationship depicted, this
relationship was modeled with a linear spline model with a breakpoint at 18 ng/mL that showed that when the increase in serum 25(0H)D was greater than 18
ng/mL, every 5 ng/mL increase led to 1.0% absolute decrease in the percentage of IL-17*CD4"* T cells (95% confidence interval [Cll —0.4% to —1.4%, p =
0.003), while anincrease in serum 25(0H)D less than 18 ng/mL did not result in a significant change in IL-17+CD4* T cells (—0.5%, 95% Cl —1.5%t00.5%, p =
0.31). (F) A scatterplot shows the positive correlation of the change in IL-17+CD4* cells and the change in Tgy CD4* cells (Spearman rho = 0.59).
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15.54 + 1399 15.0 = 1345

Low-dose group
Baseline,

mean = SD, %
6.57 = 5.16
294 + 272
38.51 + 18.4
6.11 = 3.27

Comparison of baseline and
end-study within high-dose
group, mean difference,

—3.70 (—0.80 to —6.58; 0.016)
-7.50 (-17.16 to 2.16; 0.12)
-9.87(-18.05t0 —1.69;0.021)
-0.81 (—1.54 to —0.08; 0.031)
-3.19 (-5.91 to —0.48; 0.023)

% (95% ClI; p value)
—1.70 (—4.03 to 0.65; 0.14)

3.26 (0.10 to 6.41; 0.043)

interferon; IL = interleukin.

60.96 = 24.43 10.89 (2.09 to 19.67; 0.019)

End-study,
mean = SD, %
5.62 + 6.04
2227 =13.13
2.03 +291
30.69 = 19.71
422 +13.49
47 + 301
12.68 + 15.13

High-dose group
mean = SD, %
9.32 + 7.97
29.77 = 15.49
3.73 + 4.24
40.56 = 20.56
50.07 + 21.88
38.94 = 11.96
5.51 + 2.66
15.87 + 19.06

Baseline,
confidence interval; IFN

IFN-y*IL-17+CD4*

IL-17+CD4+

T cells®

Effector memory
CD4+* T cells®
Central memory
CD4+ T cells®
Naive CD4+ T cells®

T cells®
IFN-y+*CD4+

T cells®
CD161+CD4+

T cells®
CD85}+CD8*

T cells®

The table shows the proportions of the immune cell subtypes for each group at baseline and end-study visits and the results of the comparisons between baseline and end-study visits for each group, comparisons

between baseline values between groups, and comparison of the degree of change between the groups utilizing generalized estimating equations.

a After stimulation with anti-CD3/CD28 for 5 days followed by stimulation for 4 hours with phorbol myristate acetate and ionomycin.

[ Table 2 Immune cell subtype changes during the study
b Absence of immune stimulation.

Abbreviations: Cl

w
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These in vivo findings serve as validation of the
observation that in vitro vitamin D treatment of
PBMC cultures leads to an increase in naive CD4"
T cells and Ty and a decrease in Tgpr.” Trps cells are
thought to play a pivotal role in the pathogenesis of
MS and are predominant in MS lesions.?*??

Finally, we have shown that high-dose cholecalcif-
erol results in a decrease in the CD85j" proportion of
CD8" T cells. CD85j is an inhibitory MHC Class I
receptor of the immunoglobulin superfamily expressed
by muldple immune cell subsets.*** In MS, lower
CD85j expression by CD8" T cells has been associated
with IFN-B treatment.** Also, longer MS disease dura-
tion has been associated with increased CD85j expres-
sion.> Further studies are necessary to corroborate this
finding and further characterize the role of CD85j in
the immunology of MS.

Of note, we did not observe any changes in serum
cytokine levels; however, these measures are known to
vary significantly throughout the day due to numer-
ous exogenous factors, limiting our ability to reliably
detect changes.”

A limitation of this study is the exclusion of patients
with severe vitamin D deficiency (<20 ng/mL), who
would be expected to demonstrate the most dramatic
immunomodulatory effect in response to cholecalciferol
supplementation; however, it was believed that given
the existing evidence it would not be appropriate to
identify these patients and withhold sufficient vitamin
D supplementation for the 6-month study period.
Another limitation is the variety of immunomodulatory
therapies utilized by patients in the trial. However, this
did not differ between the 2 treatment arms, and our
study only included patients who had been receiving the
same disease-modifying therapy for at least 3 months
prior to enrollment to minimize any contribution to the
observed immunologic effects. It has been suggested
that IFN-B and vitamin D may interact and exert a
synergistic immunomodulatory effect.?**” Our sample
size was not powered to investigate this possible inter-
action; however, the proportion of patients treated with
IFN-B was similar in the 2 treatment arms, thus elim-
inating possible confounding of this study’s findings. In
the high-dose group, a more pronounced immunologic
effect of cholecalciferol was observed in a subset of pa-
tients; however, this study was not powered to perform
subgroup analyses and this should be further invest-
gated in future studies. A further limitaton is the fact
that calcium:creatinine ratios were not obtained at base-
line visits. We observed that the urine calcium:creati-
nine ratio was significantly higher at the end-study visit
in patients in the high-dose group, a finding that is
difficult to interpret without baseline measurements.
Of note, the frequency of abnormally elevated calci-
um:creatinine ratios did not differ between the 2 groups
and thus the difference in the calcium:creatinine ratios



between the 2 groups is mainly accounted for by ele-
vations within the reference range.

We have found that high-dose cholecalciferol sup-
plementation is safe and exerts in vivo pleiotropic
immunomodulatory effects in patients with MS.
Future studies are warranted to further elucidate the
molecular mechanisms of these effects and ongoing
randomized controlled clinical trials will be instru-
mental to establish the clinical utility of cholecalcif-
erol as a novel immunomodulatory therapy for MS.
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AAN Guideline Recommends Removal of Player if
Concussion Suspected

Athletes who are suspected of having a concussion should be removed from the game immediately and
not be returned until assessed by a licensed health care professional trained in diagnosing and managing
concussion. That is one of the recommendations of the American Academy of Neurology’s highly
accessed evidence-based guideline for evaluating and managing athletes with concussion.

Share this information with patients, families, coaches, athletic trainers, and colleagues. Visit
AAN. com/concussion for all your concussion resources:

* Read the published guideline

e Access PDF summaries for clinicians, coaches, athletic trainers, and patients

* Download the slide presentation

* Review a clinical example

* Download the Academy’s convenient mobile app, Concussion Quick Check, to quickly
help coaches and athletic trainers recognize the signs of concussion.

For more information, contact Julie Cox at jeox@aan.com or (612) 928-6069.
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