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Abstract

Vitamin D deficiency was common among patients with chronic hepatitis C (CHC) and had
negative influence on treatment outcome. Correction of vitamin D deficiency improved
treatment response. Interferon gamma-induced protein 10 (IP-10) and enzyme dipeptidyl
peptidase-4 (DPP IV) involved in inflammatory responses in CHC. Their higher levels at
pretreatment of CHC could predict poorer responses. Vitamin D suppressed expression of
IP-10 from monocytes in vitro. In CHC patients, DPP IV involved in IP-10 regulation. We
hypothesized that correction of vitamin D insufficiency or deficiency in CHC patients might
restore immune dysregulation through a pathway linked to the TH1/Th2 cytokines, IP-10 or
DPP IV. We conducted a double-blind, placebo-controlled trial. 80 CHC patients with vita-
min D levels less than 30 ng/mL were assigned to receive vitamin D (40) or placebo (40)
supplements for 6 weeks. The levels of 25-hydroxyvitamin D [25(OH)D], Th1/Th2 cyto-
kines, IP-10 and DPP IV were measured at baseline and at the 6th week. At the end of
study, the mean 25(OH)D level in vitamin D group was significantly increased and normal-
ised. There were no changes in the level of Th1/Th2 cytokines. Our important finding
revealed that upon correction of vitamin D insufficiency or deficiency, the serum IP-10 and
DPP IV levels were decreased significantly as compare to the placebo group (delta
changes; 83.27 vs -133.80; 95% CI [-326.910, -40.758], p = 0.0125, and 271.04 vs
-518.69; 95% CI [-1179,15, -59.781], p = 0.0305, respectively. As previous evidences sug-
gested that each factor individually influenced and predicted outcome of CHC treatment.
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Our results offer a new insight and help to piece the puzzle of vitamin D deficiency, IP-10
and DPP |V together in CHC.
Trial registration: Thai Clinical Trials Registry TCTR20160429001

Introduction

Over 170 million people worldwide were infected by hepatitis C virus (HCV) [1]. HCV is one
of the major causes of chronic hepatitis, cirrhosis and hepatocellular carcinoma [1, 2]. The
standard treatment with pegylated interferon (Peg-IFN) and ribavirin (RBV) leaded to sus-
tained virological response (SVR) at least 80% of those with genotype 2 or 3. However, only a
half of patients with HCV genotype 1 responded to the treatment [3]. Apart from viral factors,
poor treatment outcomes were shown in immunocompromised patients and also in CHC
patients with vitamin D deficiency [4, 5].

Arrays of imbalance in immunoregulatory cytokines happened during chronic HCV infec-
tion and permitted persistent HCV in host cells. T-helper cells play a crucial role in host
responses to the virus. Dysregulation of TH1 and TH2 related cytokines and chemokines were
evidenced during chronic HCV infection and theoretically caused viral persistent in host cells
[6].

Vitamin D was demonstrated to involve in immune regulations both an innate and adap-
tive immunities, and also cell differentiation [7]. Vitamin D deficiency is one of the most com-
mon nutritional deficiency worldwide [8]. Several factors could lead vitamin D deficiency,
such as lack of UV-B exposure in some regions of the world, liver and kidney dysfunctions
and also some genetic variations of genes involved in vitamin D metabolic pathway [9]. Vita-
min D deficiency was common among patients with chronic liver diseases and cirrhosis. The
degree of deficiency is associated with severity of liver diseases [4].

The chemokine CXCL10 (interferon gamma-inducible protein 10, IP-10) was identified as
an important serum marker predicting the outcome of treatment for CHC patients. The higher
level of the IP-10 associated with lower responses to Peg-IFN/RBV treatment [10]. IP-10 levels
were elevated in CHC patients comparing with healthy controls and correlated with higher
HCYV viral load, ALT elevations, and the extent of hepatic inflammation [11]. Genetic vari-
ances of CXCL10 gene were demonstrated to have influence on the treatment outcome in
CHC patients with unfavorable IL-28B genotypes [12]. IP-10 is a chemotactic factor produced
by several tissues, including hepatocytes, involved in attracting T-lymphocytes, natural killer
cells and monocytes to the sites of infection.

The link between vitamin D and IP-10 was previously demonstrated in an in vitro study.
Treatment of human primary monocytes with vitamin D [1, 25(OH),D] suppressed produc-
tion of multiple inflammatory factors, including TNF alpha and IP-10 [13]. Recent study dem-
onstrated a link between IP-10 and the enzyme dipeptidyl peptidase IV or CD26 in CHC
patients. Cleaved by the DPP-IV, IP-10 is truncated into the antagonized form which was pos-
tulated as a mechanism associated with de-functionality of inflammatory responses in CHC
[14].

We postulated that CHC patients who have vitamin D deficiency would be associated with
lost in balances of adaptive immune responses to counteract with HCV infections. In addition,
there might be a link between vitamin D deficiency and the changes in IP-10 and DPP IV cas-
cade. To prove this concept, we conducted a randomised control-trial to assess the changes in
serum levels T-helper cells associated cytokines, IP-10 and DPP-1V, without influences driven
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by interferon treatment, after a short-term period for correction of vitamin D deficiency in
CHC patients.

Materials and methods
Patients and study design

Ethics statement. This study was reviewed and approved by the Ethics Committee, Insti-
tutional Review Board at the King Chulalongkorn Memorial hospital, Chulalongkorn univer-
sity, Bangkok Thailand in accordance with the Declaration of Helsinki (1989) of the World
Medical Association (IRB No. 523/54). The clinical trial registered number of the Thai Clinical
Trials Registry (TCTR) which based on World Health Organisation criteria is register on 10
October 2016 under registration number: TCTR20160429001. We would like to apologize that
we sincerely did not know regarding the trial register in advance before starting the study. We
confirm that all ongoing and related trials for this intervention starting in January 2016 are
registered. The trial was conducted between April 2012 and April 2013. After more informa-
tion on DPP-IV and chronic hepatitis C emerging, addition analysis on DDP-IV was per-
formed and finalized in June 2014. All participants provide their written informed consent,
approved by the IRB, to participate in this study.

Study design and population. We conducted a randomized, double-blind, placebo-con-
trolled, interventional study. A total of 93 CHC patients at King Chulalongkorn Memorial
Hospital aged between 18 and 70 years old who agreed to participate were screened and
included if they had vitamin D deficiency as defined by serum 25 OH vitamin D level below 30
ng/ml. The word “vitamin D deficiency” used in this study based on the term frequently used
in the Endocrine Society Practice Guideline which, in more detail, represents the patients who
had vitamin D insufficiency (vitamin D levels of 21-29 ng/mL) and deficiency (vitamin D lev-
els below 20 ng/mL) [15]. Of the patients screened, 11 patients had no vitamin D deficiency
and 2 patients with vitamin D deficiency decided not to take part in the clinical trial. The rest
of the patients had no evidences of decompensated liver cirrhosis, human immunodeficiency
viral infection, any type of autoimmune diseases, active viral or bacterial infections, history of
steroid or immunosuppressive therapy, or history of interferon treatment within 12 months.

A total of 80 CHC patients were double blinded and randomized to receive either vitamin
D or placebo supplement for 6 weeks. After the random codes were reviewed at the end of the
6th week, 40 patients had been in the vitamin D group and 40 patients had been in the placebo
group (Fig 1). The strategic allocation of this study is demonstrated in Fig 1 as indicated by
CONSORT 2010 [16]. The CONSORT 2010 checklist of information is available as supporting
information (S1 File). Based on an Endocrine Society Clinical Practice Guideline, it requires at
least 6-8 weeks to restore vitamin D levels by adequate oral vitamin D supplement [15]. We
had a preliminary study on our designed vitamin D replacement protocol (see supplement)
which give a successful result in all 10 CHC patients. In addition, we hypothesized that upon
correction of the vitamin D deficiency, the immunological changes could begin within a short
period, as our body immune responses are dynamic processes to fight against several thousand
million of the virus generated per day. Therefore, we decided that 6-week assessment is an
optimal time in our study.

Sample size calculation. To the best of our knowledge, there is no RCT based on VD sup-
plement in CHC patients, especially focusing on serum IP-10. As most RCT of VD supple-
ments require number of subjects less than 80 cases to show the changes in serum
inflammatory markers’ levels [17]. We lack any of the important inputs required to formally
power the study. Instead we thought that 80 subjects (the same as the number of wells for
ELISA plate) was likely to yield as sufficient sample size to generate a clinically important effect
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Fig 1. CONSORT 2010 flow diagram. CHC patients who were enrolled and followed up. 93 patients were
screened for participation in the study. 13 patients were excluded. 80 patients were randomly assigned to
receive a placebo or vitamin D supplements and followed up after six weeks of supplements. BMJ 2010;340:
¢869. https://doi.org/10.1136/bmj.c869.

https://doi.org/10.1371/journal.pone.0174608.g001

as statistically significant. To ensure trivial effects are not identified as statistically significant,
we added Cohen’s d to report effect size.

Randomisation. The randomization sequence was stratified with a 1:1 allocation using
random block sizes of 4 based on computer generated method based (www.randomisation.
com) and was performed by a research assistant without involvement in clinical trial. Details
of the allocated group were given in sequentially numbered, opaque, sealed envelopes. After
patient enrollment, the research assistant will open the envelope and inform stratified groups
(A or B) to the investigators.

Intervention

The vitamin D2 (Ergocalciferol) and placebo were prepared by a pharmacist in a capsule form
and identical in appearance. They were prepacked in a bottle for 6-week supplement and con-
secutively numbered for each CHC patients according to the randomised results. All investiga-
tors and participants were blinded to type of medications and outcome measurements during
the study period.

The dosages of ergocalciferol or vitamin D2 supplement were given according to our proto-
col based on the ranges of vitamin D deficiency as following: for mild deficiency (20 to less
than 30 ng/mL) 60,000 unit/week, for moderate deficiency (10 to less than 20 ng/mL) 80,000
unit/week, and for severe deficiency (less than 10 ng/mL) 10,000 unit/week. Each vitamin D2
capsule contained 20,000 units. The total dosage was divided into 2 separate doses giving on
Monday and Friday. The placebo and vitamin D2 capsules were made resemble and have the
same weight. The detail protocols are deposited in supplements (S2 and S3 Files). No adverse
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events related to vitamin D or placebo supplement were reported in all patients during study
period.

Clinical and demographic data of the patients were recorded including HCV genotypes and
HCYV viral load. Laboratory tests were collected at baseline and at the end of 6 weeks. These
included liver function tests, and serum levels of 25-hydroxyvitamin D (25(OH)D), Th1/Th2
cytokines, IP-10 and DPP IV. Whole blood from each patient was collected, processed for
serum, and stored at -80°C at each visit until used for analysis. The primary investigators, all
study personnel, and all participants were blinded to the intervention. At the end of 6 weeks,
any patients who had vitamin D deficiency were subjected for further vitamin D replacement
as a standard medical care.

Vitamin D assays

Vitamin D level was determined in serum samples with the Liaison 25 OH vitamin D total
assay (DiaSorin, Saluggia, Italy) and was performed on the LIAISON™ chemiluminescent ana-
lyzer by using a method manufacturer introduced. The final concentration was indicated by
ng/ml.

Th-1/2 Cytokines quantitative analysis

Cytokine profiling was done by Bio-Plex Th-1/2 cytokine assay on the Bio-Plex suspension
array system (Bio-Rad, Hercules, CA, USA) according to the manufacturer’s instructions.
Cytokine quantitation was performed on bead-based ELISA using the Bio- Plex system (Bio-
Rad). In brief, cell culture supernatant was mixed with beads having unique fluorescent inten-
sity and coated with the antibody to various cytokines. Subsequently, the mixture was incu-
bated with biotinylated anti-cytokine antibody. Finally, PE-conjugated streptavidin was added,
and the fluorescent signal was detected using a Bio-Plex system (Bio-Rad). Raw data were ini-
tially measured as the relative fluorescence intensity and then converted to cytokine concentra-
tion based on a standard curve generated from the reference concentrations supplied in the
kit. After result analysis, Cytokine levels were calculated using standard curve generated with
known concentrations of cytokines. The data were analyzed using Bio-Plex Manager™ software
with 5PL curve fitting. Cytokine levels were expressed in picogram per milliliter (pg/mL).

Analysis of IP-10 quantification

The level of serum IP-10 was measured by using a Human IP-10 ELISA set kit (BD, Bioscience,
San Diego, CA, USA) according to the manufacturer’s protocol. Serum IP-10 levels were mea-
sured using sandwich enzyme-linked immunosorbent duo kits according to the manufactur-
er’s instructions and expressed in pg/mL.

Analysis of DPP IV concentration

The level of serum human DPP IV was quantified by using the quantitative sandwich enzyme
immunoassay technique and used Human DPP IV/CD26 Immunoassay, Quantikine (R&D
Systems, Minneapolis, MN, USA) with the plasma sample diluted in 1:5 in sample diluent
according to the manufacturer’s instruction and expressed in ng/mL.

Study end points

The primary end-point was to identify effects of vitamin D supplement on T-helper1/2 cyto-
kines, IP-10 and DPP IV levels as compared to placebo in CHC patients.
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Statistical analysis

As there is no previous study on serum IP-10/DPP-4 levels in this regard, the sample size was
an estimation for general study to assess immunological parameters. Baseline characteristics
were compared using Pearson’s chi-square or Fisher’s exact tests and Wilcoxon’s rank sum
tests, as appropriate. Dependent t-test or Wilcoxon Signed Rank test was employed for com-
parison between pre and post supplements, as appropriate. Comparison between two groups
was performed through ANCOVA. In ANCOVA, the dependent variable is the post-test mea-
sure, and the pre-test measure was a covariate and controlled for. Pearson’s correlation coeft-
cient was used to describe the correlation between two continuous, normally distributed
variables. P<0.05 was considered statistically significant. All statistical analyses were per-
formed using SPSS version 16. In addition, Cohen’s d effect size power analysis was used for
quantitative measurement of the magnitude of VD supplement on serum markers in between
group. The values of 0.2, 0.5 and 0.8 represent the strength of small, medium and large effects
[18]. The method of calculation is deposited in supplement (S4 File). All data set of this study
is deposited in supplement (S5 File).

Results
Study patients at baseline

From January to December 2014, 80 patients were included into this study and randomly
assigned to receive a placebo (n = 40) vitamin D supplement (n = 40). 42 patients were naive
cases without previous CHC treatment and 38 patients were previously failed therapy either
relapsers or non-responders. Demographic and clinical characteristics were shown in Table 1.
The mean age was 52.39 years (range; 30-70).

In each group, 52.5% and 47.5% of patients were naive HCV status and previously failed
therapy respectively. The mean 25(OH)D level was 20.27 + 4.83 ng/mL and 20.88 + 5.40 ng/
mL in placebo and vitamin D group respectively. Other parameters including HCV genotypes,
HCV viral loads, transaminase levels and liver fibrosis scores were not significant between two
groups (Table 1).

The mean IP-10 level in placebo group was slightly lower than the levels in vitamin D group
(665.61 pg/mL vs 770.27 pg/mL) without statistical differences. While the mean DPP IV levels
in placebo was slightly higher than the level in vitamin D group (6551.1 ng/mL vs 6137.7 npg/
mL) without statistical differences. There were no significant differences in the baseline serum
Th1/2 cytokines and DPP IV between two groups (Table 1).

Changes of parameters at 6-week supplements

At the end of 6-week supplements, the median and range of serum 25(OH)D levels in the pla-
cebo and vitamin D groups were 21.22 (10.4-30.2) ng/mL, 45.93 (14.5-81.1) ng/mL, respec-
tively. Vitamin D deficiency were corrected in all 40 patients who received vitamin D
supplement. While vitamin D levels remained low and were not changed from the baseline lev-
els in the placebo group (Table 2 and Fig 2).

There were no differences of the transaminase levels at baseline and no changes after 6
weeks of supplements with placebo or vitamin D (data not shown). There were no significant
differences of Th1 and Th2 cytokines levels in between group and no changes were observed
during 6-week period of the study (Table 3).

After 6 weeks, the delta value of IP-10 level was decreased significantly in vitamin D group,
as compared to the increased level in placebo group, -133.8 vs 83.27 pg/mL; 95% CI [326.910,
-40.758], p = 0.0125 (Table 3 and Fig 2).
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Table 1. Baseline characteristics of CHC patients in the placebo and vitamin D groups.

Variables

Mean age (year)
Male gender (%)
HCV treatment status

* Naive (%)

* Previously failed (%)
HCV genotypes

* Genotype 1, n (%)

* Genotype 3, n (%)

¢ Others (%), n (%)
HCV viral load, log C/mL
FIB4 score, n (%)

*<1.45

*1.45-3.25

*>3.25
Median AST (IU/L), (range)
Median ALT (IU/L), (range)
Mean BMI
Mean serum levels* of

* 25(0OH)D**

*|P-10

*DPP IV**

o|L-2

o|L-4

*|L-5

*|L-10

e|L-12

*|L-13

¢ |[FN-y

* TNF-a

* GM-CSF

* unitin pg/mL,
** unit in ng/mL

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; IP-10, inducible protein-10; IL, interleukin; IFN-y, interferon

Placebo group (n = 40) Vitamin D group (n = 40) p values

52.2+11.1 52.6+8.5 0.830
20 (50) 23 (57.5) 0.654
0.403

21 (52.5) 21 (52.5)

19 (47.5) 19 (47.5)
0.647

18 (45.0) 19 (47.5)

16 (40.0) 13(32.5)

6 (15.0) 8(20.0)
5.72+0.88 5.76 +0.84 0.822
0.559

9 (22.5) 6 (15.0)

19 (47.5) 23 (57.5)

12 (30.0) 11 (27.5)
76.3 (16-323) 65.1 (21-323) 0.421
78.5 (15-217) 72.1 (11-183) 0.560
24.56 + 3.98 24.48 £3.37 0.520
20.27 +4.83 20.88 £5.40 0.596
665.61 + 665.61 770.27 £ 642.02 0.180
6137.29 + 1584.32 6551.06 + 1757.14 0.387
13.07 + 16.50 8.20 + 24.30 0.245
3.93+4.99 5.39+5.39 0.246
4.69 +4.69 7.60+11.95 0.157
7.56 + 18.96 17.09 £ 44.51 0.216
29.25 +98.04 40.61+111.33 0.629
4.68 +8.01 11.24 £22.57 0.087
251.64 + 334.47 328.31 + 383.54 0.344
602.45 £ 1374.21 651.52 + 1267.72 0.869
21.96 £57.01 27.72+43.74 0.614

gamma; TNF-a, tumor necrosis factor alpha; GM-CSF, granulocyte macrophage colony-stimulating factor. Data are expressed as mean + SD

https://doi.org/10.1371/journal.pone.0174608.t001

The mean serum DPP IV levels were not significant difference between pre-and post-sup-

plements in both groups. During 6-week period, the mean DPP IV level in placebo group had
trend to increase, and on the opposite direction, the mean level was decreased in vitamin D
group. Comparing the mean changes (or delta changes) between the two groups showed sig-
nificant differences, placebo group 255.46 + 216.35 vs vitamin D group -521.79 + 228.09; 95%
CI[-1179.15, -59.781], p = 0.03 (Table 3 and Fig 2).

An effect size analysis (Cohen’s d) was used to a quantitative measure of the strength of the
outcome. The result showed strong magnitude of vitamin d changes (2.47), and moderate
effect of VD on the changes of IP-10 (0.59) and DPP IV (0.55) levels (Table 3). The results also
suggested that this RCT was performed with reasonable number of cases.
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Table 2. Comparing mean serum levels of each parameter between pre-and post-supplements in placebo and vitamin D groups.

Variables (Unit in pg/mL)

Placebo (40)

Vitamin D (40)

Pre: Mean (SE) Post: Mean (SE) P-value Pre: Mean (SE) Post: Mean (SE) P-value
25(0OH)D* 20.59 (0.76) 21.87 (0.84) 0.229 20.88 (0.85) 4593 (2.43) | <0.001%
IP-10 665.61 (77.05) 748.88 (87.12) 0.130 770.27 (101.51) 636.47 (70.91) 0.036°
DPP IV* 6137.29 (250.50) 6408.33 (288.11) 0.386 6,551.06 (277.83) 6,032.37 (214.90) 0.028°
IL-2 23.07 (12.09) 28.69 (16.29) 0.318 8.20 (3.85) 4.49 (2.11) 0.120
IL-4 3.99 (0.79) 3.99 (0.96) 1.000 5.39 (0.98) 5.57 (1.12) 0.750
IL-5 4.69 (0.76) 4.47 (0.73) 0.717 7.60 (1.89) 8.06 (2.50) 0.623
IL-10 7.56 (3.00) 7.05 (2.66) 0.635 17.09 (7.04) 20.01 (8.82) 0.342
IL-12 29.25 (15.50) 26.80 (14.56) 0.670 40.61 (17.60) 50.11 (21.98) 0.292
IL-13 4.68 (1.27) 5.48 (1.52) 0.575 11.24 (3.57) 11.76 (4.95) 0.841
IFN-y 251.64 (52.88) 237.28 (48.87) 0.594 328.31 (60.64) 304.90 (60.82) 0.429
TNF-a 602.45 (217.28) 548.33 (191.46) 0.884 651.52 (200.44) 752.94 (298.86) 0.487
GM-CSF 21.96 (9.01) 23.18 (7.63) 0.787 27.77 (6.91) 29.33(9.92) 0.781

* unit in ng/mL;

4 95% CI[20.65, 29.45];
Bos%, CI[-9.32, -258.28];
€95% CI [-60.42, -983.15]

https://doi.org/10.1371/journal.pone.0174608.t002

We try to assess whether in this total population (80 CHC cases), serum levels of VD would
affect the IP-10 levels in general. As shown in the scatter plot (Fig 3), even the dots are quite
scattered, the best fit line could be plotted and the regression equation of [IP-10 = 841.34-4.45
x VD] was demonstrated. In other words, we could postulate that serum IP-10 decreases with
increase in serum VD levels, and each unit of VD increase will lead to 4.5 unit decrease in
serum IP-10.

Discussion

HCYV is one of the most common causes of chronic liver diseases, endstage liver disease and
hepatocellular carcinoma worldwide [1, 2]. While vitamin D deficiency is also the most com-
mon nutritional deficiency in general population and in patients with chronic liver diseases [8].
When the two conditions come together, the patients experienced more severity of liver diseases
[19, 20] and responded less to the treatment as compared to the one without vitamin D

® P<0.0001 (comparison between two groups)

0+ —

—_—

DeltaVit. D (ng/mL) (Post - Pre )

Vitamin D group  Placebo group

— 1000 {(g) 54000

P=0.0125 (comparison between two groups) (C)  P=0.0305 (comparison between two groups)

==

o
Vitamin D group  Placebo group

a

g 2
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; £

Delta IP10 (pg/mL) (Post - Pre
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Fig 2. Mean changes of vitamin D levels. (A), IP-10 (B) and DPP |V (C) levels after 6-week supplements in
placebo and vitamin D groups were demonstrated. The x-axis of each graph represents mean changes of the
levels (delta). The blue and orange boxes represent placebo group and vitamin D group, respectively.

https://doi.org/10.1371/journal.pone.0174608.g002
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Table 3. Comparing changes in serum levels (or delta) of each parameter in placebo and vitamin D groups during 6-week period of supplement.

Changes of serum or delta (A) levels (unit in pg/mL)
25(0OH)D*
IP-10
DPP IV*
IL-2
IL-4
IL-5
IL-10
IL-12
IL-13
IFN-y
TNF-a
GM-CSF

* Unitin ng/mL;

Placebo group
0.560
83.270
271.04
5.630
0.001
-0.211
-0.506
-2.451
0.797
-16.119
-14.351
1.223

Vitamin D group
25.050
-133.800
-518.69
-3.710
0.179
0.467
2.922
9.495
0.520
1.014
-23.407
1.611

Estimate (SE)®
24.399 (2.233) P
-183.834 (71.852) E
-619.464 (281.070) 7
-5.973 (5.399)
0.200 (0.780)
0.171 (1.065)
2.129 (3.092)
11.598 (10.624)
-1.158 (2.967)
115.927 (182.167)
2.515 (38.146)
0.966 (7.282)

Pvalues #
<.0001
0.0125
0.0305
0.2720
0.7983
0.8728
0.4931
0.2784
0.6974
0.5264
0.9476
0.8949

Effect size ©
2.47
0.59
0.55
0.35
0.08
0.18
0.22
0.24
0.00
0.05
0.08
0.02

A Comparison between two groups was performed through ANCOVA. In ANCOVA, the dependent variable is the post-test measure, and the pre-test

measure was a covariate and controlled for.

B Estimate is the adjusted difference between treatment and placebo group (pre-test measure was adjusted for).
€ Cohen’s d effect size: 0.2 small, 0.5 medium, 0.8 large magnitude of effects

95% CI of estimate
D119.953, 28.844;
E-326.910, -40.758];
Fl-1179.15,-59.781]

https://doi.org/10.1371/journal.pone.0174608.t003

deficiency [21-24]. Upon correction of the deficiency, the treatment outcomes were improving
[25]. Two serum markers, chemokine IP-10 and enzyme DPP IV (CD26), were identified as
important markers predicting the outcome of CHC treatment [10, 14, 26]. The higher the level

of the IP10 and the activity of the enzyme DPP IV predicted the poorer outcomes.

3000
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Fig 3. Scatter plot of post treatment VD levels (x-axis) and post treatment IP-10 level (y-axis) including

fit line and regression equation were demonstrated.

https://doi.org/10.1371/journal.pone.0174608.g003
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Our results suggested that vitamin D deficiency is a common factor connecting the dots of
immunological derangements known to be the factors affecting the patients’ outcomes. Our
finding demonstrated that upon correction of vitamin D deficiency in CHC patients within 6
weeks, both IP-10 and DPP IV levels were significantly reduced as compared to the placebo
group. While, the serum levels of TH1 and TH2 related cytokines were remaining unchanged.
In addition, the vitamin D replacement regimen used in this study for CHC patients were
effective and could reversed the deficiency within a period of 6 weeks.

In vitro study demonstrated that Vitamin D acted directly on human hepatocytes as an
innate immune response through interferon signaling pathway [27]. In CHC patients, there
were increased in chemotactic cytokine expression including IP-10 on hepatocytes, especially
around lobular area and periportal interface area [11]. This phenomenon resulted in recruit-
ment of CXCR3-expressing T cells into the sites of infection [28]. The link between vitamin D
and IP-10 was demonstrated, in vitro, in LPS-stimulated primary human monocytes, which
the expression of IP-10 was suppressed by vitamin D [13]. In CHC patients treated with vita-
min D/pegylated interferon/ribavirin showed significant reduction of serum IP-10 within 4
weeks of treatment and lower interferon stimulating gene (ISG) mRNA expression in hepato-
cytes as compare to the control arm without vitamin D [29]. The reduction of inflammatory
responses, however, seemed paradox to explain the benefit on viral eradication. This phenom-
enon could also be seen in CHC liver pathology. The pathological finding of CHC patients
who had better chance of responses to the treatment usually had lesser extent of lobular and
interface hepatitis [11]. In addition, increase in ISG expression in CHC patients predicted
poorer responses to the treatment [30, 31]. The finding of reduction of ISG expressions in the
liver and serum IP-10 levels, however, were criticized as an adaptive immune stabilizing effect
of vitamin D on the out of control immune responses in CHC patients [29]. Our data showed
the same evidence of IP-10 reduction within 6 weeks, however, without influences of inter-
feron. Whether, benefit of vitamin D on the treatment responses were added on by the effect
of vitamin D alone, or as a synergistic effect of vitamin D on interferon are remaining
unanswered.

High IP-10 levels were described in CHC patients, difficult to treated patients and at the
end of therapy in non-responders [10, 32]. These evidences seemed to be paradox to explain
the idea of chemotactic cytokines orchestrating antiviral responses. Previously, the soluble
enzymes DPP IV (CD26) levels were found to be significant lower in CHC patients who had
sustained virological responses (SVR) as compared to those without SVR [33, 34]. Recently,
the explanation came into light as the antagonistic form of IP-10 was demonstrated in a high
proportion of the total IP-10 levels in CHC patients [14]. The enzyme DPP IV cleaved two
amino acids at the N-terminal creating the antagonistic form, resulting in a competitive block-
ade of the CXCR3 receptors and, consequently, preventing T-cells recruitment [35]. DPP IV
enzymatic activity and levels were increased according to the levels of IP-10 in CHC patients
and significantly reduced in the patients who responded to the treatment [14, 33].

Our result showed significant reduction of DPP IV enzyme activity by the effect of vitamin
D alone without an impact of interferon. The effect of vitamin D on reduction of IP-10 in
CHC patients might be the direct effect on the cells as described above [13]. Our second theory
is the effect through IP-10/DPP IV cascade. Data suggested that vitamin D had an effect on
compartmentalization of adaptive immune responses in regulation of a T cell lineage, TH17.
Vitamin D suppressed IL-17 expression in mouse model of colitis and multiple sclerosis [36,
37]. Lack of vitamin D resulted in IL-17 elevation [38]. In vitro data suggested that HCV pro-
tein promoted dendritic cell differentiation into TH17 cells [39]. TH17 cells were shown to be
a primary source and had high expression of DPP IV enzymes [40]. For these reasons, vitamin
D deficiency in CHC patients might leads to TH17 upregulation, DDPIV enzyme overactivity
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and ultimately increase IP-10 antagonists. However, our further assessment on the serum lev-
els of IL-17 in this clinical trial was not sensitive enough to show the changes (Data not
shown). Proof of this Vitamin D/TH17/DPP IV/IP-10 antagonist cascade concept requires fur-
ther investigation.

Previous data suggested that T cell responses in the CHC patients showed predominated
THI lineage in liver tissues and TH-2 profiles in peripheral blood cells [41, 42]. Besides, vita-
min D kept immunological balances by promoting cells differentiation into TH-2 cells [7].
Three-month supplement of vitamin D in active adults with or without vitamin D deficiency
in a placebo-control trial showed no change in the levels of TH1 and TH2 cytokines [43]. Our
study was unable to demonstrate differences of the TH1/TH2 cytokine profiles in CHC
patients with vitamin D deficiency during pre and post vitamin D replacement. This may be a
limitation of our study, as the changes were measured on serum cytokine profiles, not in the
liver tissues. These results were the combinations of overall body immune responses and may
not sensitive enough to represent changes in the liver tissues.

Currently, many countries around the world use DAAs as a new standard treatment for
CHC which yield over ninety percent cure rate. However, in some countries, pegylated inter-
feron plus ribavirin regimens as an old standard treatment, remain the only drugs available for
CHC due to the high cost and availability of the DAAs. So far, there is no study addressing the
important of vitamin D deficiency on the outcome of treatment by using the new pure oral
DAAs or triple combination of PegIFN/RBV/DAA regimens. It might be the fact that the SVR
rate of the latter regimens is closed to 100%. To improve the outcome of treatment by increas-
ing body immune responses with vitamin D supplement may not be required.

For the new era of DAA regimens for CHC, the role of IP-10 and DDP-4 levels for the treat-
ment response prediction may not be any more clinical usefulness. Nonetheless, this scientific
finding might add on the understanding of immuno-pathophysiologic background of the
CHC with vitamin D deficiency. In addition, minor proportion of CHC cases who resist to the
DAA regimens, immunomodulator based therapy based on interferon or restore immune dys-
function in the patients with vitamin D deficiency might have a role for consideration.

In summary, our finding suggested that correction of vitamin D deficiency in CHC patients
resulted in reduction of IP-10 levels and DPPP-IV activity. These reductions gave an addi-
tional data that might link or explain the benefit of vitamin D replacement in the treatment of
CHC patients. However, the immunologic events happened in these complicated scenario of
vitamin D deficiency and CHC infection required proper scientific investigations to explain
our initial results on vitamin D deficiency/IP-10/DPP IV axis in CHC patients.

Supporting information

S1 File. CONSORT 2010 checklist.
(PDF)

S2 File. Protocol in Thai.
(PDF)

$3 File. Protocol in English.
(PDF)

$4 File. Supplement statistics.
(PDF)

S5 File. Data set.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0174608  April 4, 2017 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174608.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174608.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174608.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174608.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174608.s005
https://doi.org/10.1371/journal.pone.0174608

o @
@ ’ PLOS | ONE Correction of IP-10 and DPP-4 in CHC with vitamin D

Acknowledgments

We would like to express our gratitude to Division of Immunology, Department of Microbiol-
ogy, the Molecular Genetics in Medicine Research Unit, Division of Medical Genetics; the
Center of Excellence in Clinical Virology, Faculty of Medicine, Chulalongkorn University; and
King Chulalongkorn Memorial Hospital. We would like to thank Associate Professor Cam-
eron Hurst, PhD., Head of Biostatistics Center, Research Affairs, Faculty of Medicine, Chula-
longkorn for kindly providing excellent statistics consultation.

Author Contributions
Conceptualization: PK KC.
Data curation: PK KC.

Formal analysis: PK KC.
Funding acquisition: PK YP KC.
Investigation: SS PT CC.
Methodology: PK KC CC.
Project administration: PK KC.
Resources: SS PT YP CC.
Supervision: PK.

Validation: KC KT.

Writing - original draft: PK KC.
Writing - review & editing: PK KC.

References

1. Lauer GM, Walker BD. Hepatitis C virus infection. The New England journal of medicine. 2001; 345
(1):41-52. Epub 2001/07/07. https://doi.org/10.1056/NEJM200107053450107 PMID: 11439948

2. Shiffman ML. Natural history and risk factors for progression of hepatitis C virus disease and develop-
ment of hepatocellular cancer before liver transplantation. Liver Transpl. 2003; 9(11):S14-20. Epub
2003/10/31. https://doi.org/10.10583/jlts.2003.50254 PMID: 14586890

3. Calvaruso V, Antonio Craxi A. 2011 European Association of the Study of the Liver hepatitis C virus clin-
ical practice guidelines. Liver international: official journal of the International Association for the Study
of the Liver. 2012; 32 Suppl 1:2-8. Epub 2012/01/11.

4. Petta S, Camma C, Scazzone C, Tripodo C, Di Marco V, Bono A, et al. Low vitamin D serum level is
related to severe fibrosis and low responsiveness to interferon-based therapy in genotype 1 chronic
hepatitis C. Hepatology (Baltimore, Md). 2010; 51(4):1158-67. Epub 2010/02/18.

5. AASLD/IDSA. Hepatitis C guidance: AASLD-IDSA recommendations for testing, managing, and treat-
ing adults infected with hepatitis C virus. Hepatology (Baltimore, Md). 2015; 62(3):932—-54. Epub 2015/
06/26.

6. Heim MH, Thimme R. Innate and adaptive immune responses in HCV infections. Journal of hepatology.
2014; 61(1 Suppl):S14-25. Epub 2014/12/03. https://doi.org/10.1016/j.jhep.2014.06.035 PMID:
25443342

7. Hewison M. Vitamin D and the immune system: new perspectives on an old theme. Endocrinology and
metabolism clinics of North America. 2010; 39(2):365-79, table of contents. Epub 2010/06/01. https://
doi.org/10.1016/j.ecl.2010.02.010 PMID: 20511058

8. Holick MF. Vitamin D deficiency. The New England journal of medicine. 2007; 357(3):266-81. Epub
2007/07/20. https://doi.org/10.1056/NEJMra070553 PMID: 17634462

PLOS ONE | https://doi.org/10.1371/journal.pone.0174608  April 4, 2017 12/14


https://doi.org/10.1056/NEJM200107053450107
http://www.ncbi.nlm.nih.gov/pubmed/11439948
https://doi.org/10.1053/jlts.2003.50254
http://www.ncbi.nlm.nih.gov/pubmed/14586890
https://doi.org/10.1016/j.jhep.2014.06.035
http://www.ncbi.nlm.nih.gov/pubmed/25443342
https://doi.org/10.1016/j.ecl.2010.02.010
https://doi.org/10.1016/j.ecl.2010.02.010
http://www.ncbi.nlm.nih.gov/pubmed/20511058
https://doi.org/10.1056/NEJMra070553
http://www.ncbi.nlm.nih.gov/pubmed/17634462
https://doi.org/10.1371/journal.pone.0174608

@° PLOS | ONE

Correction of IP-10 and DPP-4 in CHC with vitamin D

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

Wang TJ, Zhang F, Richards JB, Kestenbaum B, van Meurs JB, Berry D, et al. Common genetic deter-
minants of vitamin D insufficiency: a genome-wide association study. Lancet (London, England). 2010;
376(9736):180-8. Epub 2010/06/15.

Lagging M, Romero Al, Westin J, Norkrans G, Dhillon AP, Pawlotsky JM, et al. IP-10 predicts viral
response and therapeutic outcome in difficult-to-treat patients with HCV genotype 1 infection. Hepatol-
ogy (Baltimore, Md). 2006; 44(6):1617—25. Epub 2006/11/30.

Narumi S, Tominaga Y, Tamaru M, Shimai S, Okumura H, Nishioji K, et al. Expression of IFN-inducible
protein-10 in chronic hepatitis. Journal of immunology (Baltimore, Md: 1950). 1997; 158(11):5536—44.
Epub 1997/06/01.

Thanapirom K, Suksawatamnuay S, Sukeepaisarnjaroen W, Tangkijvanich P, Treeprasertsuk S, Thai-
mai P, et al. Association between CXCL10 and DPP4 Gene Polymorphisms and a Complementary
Role for Unfavorable IL28B Genotype in Prediction of Treatment Response in Thai Patients with
Chronic Hepatitis C Virus Infection. PloS one. 2015; 10(9):e0137365. Epub 2015/09/05. https://doi.org/
10.1371/journal.pone.0137365 PMID: 26339796

Kuo YT, Kuo CH, Lam KP, Chu YT, Wang WL, Huang CH, et al. Effects of vitamin D3 on expression of
tumor necrosis factor-alpha and chemokines by monocytes. Journal of food science. 2010; 75(6):
H200-4. Epub 2010/08/21. https://doi.org/10.1111/j.1750-3841.2010.01704.x PMID: 20722932

Casrouge A, Decalf J, Ahloulay M, Lababidi C, Mansour H, Vallet-Pichard A, et al. Evidence for an
antagonist form of the chemokine CXCL10 in patients chronically infected with HCV. The Journal of clin-
ical investigation. 2011; 121(1):308-17. Epub 2010/12/25. https://doi.org/10.1172/JCI140594 PMID:
21183794

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, et al. Evaluation,
treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. The
Journal of clinical endocrinology and metabolism. 2011; 96(7):1911-30. Epub 2011/06/08. https://doi.
org/10.1210/jc.2011-0385 PMID: 21646368

Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ, et al. CONSORT 2010
explanation and elaboration: updated guidelines for reporting parallel group randomised trials. BMJ
(Clinical research ed). 2010; 340:c869. Epub 2010/03/25.

Cannell JJ, Grant WB, Holick MF. Vitamin D and inflammation. Dermato-endocrinology. 2014; 6(1):
€983401. Epub 2014/01/01. https://doi.org/10.4161/19381980.2014.983401 PMID: 26413186

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Hillsdale, New Jersey Hove
and London: Hillsdale, New Jersey: Lawrence Erlbaum Associates; 1988. 596 p.

Lange CM, Bibert S, Kutalik Z, Burgisser P, Cerny A, Dufour JF, et al. A genetic validation study reveals
a role of vitamin D metabolism in the response to interferon-alfa-based therapy of chronic hepatitis C.
PloS one. 2012; 7(7):e40159. Epub 2012/07/19. https://doi.org/10.1371/journal.pone.0040159 PMID:
22808108

Petta S, Grimaudo S, Marco VD, Scazzone C, Macaluso FS, Camma C, et al. Association of vitamin D
serum levels and its common genetic determinants, with severity of liver fibrosis in genotype 1 chronic

hepatitis C patients. Journal of viral hepatitis. 2013; 20(7):486—93. Epub 2013/06/05. https://doi.org/10.
1111/jvh.12072 PMID: 23730842

Bitetto D, Fattovich G, Fabris C, Ceriani E, Falleti E, Fornasiere E, et al. Complementary role of vitamin
D deficiency and the interleukin-28B rs12979860 C/T polymorphism in predicting antiviral response in
chronic hepatitis C. Hepatology (Baltimore, Md). 2011; 53(4):1118-26. Epub 2011/04/12.

Falleti E, Bitetto D, Fabris C, Fattovich G, Cussigh A, Cmet S, et al. Vitamin D binding protein gene poly-
morphisms and baseline vitamin D levels as predictors of antiviral response in chronic hepatitis C.
Hepatology (Baltimore, Md). 2012; 56(5):1641-50. Epub 2012/05/23.

Garcia-Alvarez M, Pineda-Tenor D, Jimenez-Sousa MA, Fernandez-Rodriguez A, Guzman-Fulgencio
M, Resino S. Relationship of vitamin D status with advanced liver fibrosis and response to hepatitis C
virus therapy: a meta-analysis. Hepatology (Baltimore, Md). 2014; 60(5):1541-50. Epub 2014/07/01.

Weintraub SJ, Fleckenstein JF, Marion TN, Madey MA, Mahmoudi TM, Schechtman KB. Vitamin D and
the racial difference in the genotype 1 chronic hepatitis C treatment response. The American journal of
clinical nutrition. 2012; 96(5):1025-31. Epub 2012/09/28. https://doi.org/10.3945/ajcn.112.039974
PMID: 23015322

Bitetto D, Fabris C, Fornasiere E, Pipan C, Fumolo E, Cussigh A, et al. Vitamin D supplementation
improves response to antiviral treatment for recurrent hepatitis C. Transplant international: official jour-
nal of the European Society for Organ Transplantation. 2011; 24(1):43-50. Epub 2010/07/24.

Fattovich G, Covolo L, Bibert S, Askarieh G, Lagging M, Clement S, et al. IL28B polymorphisms, IP-10
and viral load predict virological response to therapy in chronic hepatitis C. Aliment Pharmacol Ther.
2011; 33(10):1162—72. Epub 2011/03/30. https://doi.org/10.1111/j.1365-2036.2011.04635.x PMID:
21443535

PLOS ONE | https://doi.org/10.1371/journal.pone.0174608  April 4, 2017 13/14


https://doi.org/10.1371/journal.pone.0137365
https://doi.org/10.1371/journal.pone.0137365
http://www.ncbi.nlm.nih.gov/pubmed/26339796
https://doi.org/10.1111/j.1750-3841.2010.01704.x
http://www.ncbi.nlm.nih.gov/pubmed/20722932
https://doi.org/10.1172/JCI40594
http://www.ncbi.nlm.nih.gov/pubmed/21183794
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1210/jc.2011-0385
http://www.ncbi.nlm.nih.gov/pubmed/21646368
https://doi.org/10.4161/19381980.2014.983401
http://www.ncbi.nlm.nih.gov/pubmed/26413186
https://doi.org/10.1371/journal.pone.0040159
http://www.ncbi.nlm.nih.gov/pubmed/22808108
https://doi.org/10.1111/jvh.12072
https://doi.org/10.1111/jvh.12072
http://www.ncbi.nlm.nih.gov/pubmed/23730842
https://doi.org/10.3945/ajcn.112.039974
http://www.ncbi.nlm.nih.gov/pubmed/23015322
https://doi.org/10.1111/j.1365-2036.2011.04635.x
http://www.ncbi.nlm.nih.gov/pubmed/21443535
https://doi.org/10.1371/journal.pone.0174608

@° PLOS | ONE

Correction of IP-10 and DPP-4 in CHC with vitamin D

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Gal-Tanamy M, Bachmetov L, Ravid A, Koren R, Erman A, Tur-Kaspa R, et al. Vitamin D: an innate
antiviral agent suppressing hepatitis C virus in human hepatocytes. Hepatology (Baltimore, Md). 2011;
54(5):1570-9. Epub 2011/07/28.

Shields PL, Morland CM, Salmon M, Qin S, Hubscher SG, Adams DH. Chemokine and chemokine
receptor interactions provide a mechanism for selective T cell recruitment to specific liver compartments
within hepatitis C-infected liver. Journal of immunology (Baltimore, Md: 1950). 1999; 163(11):6236—43.
Epub 1999/11/26.

Kondo Y, Kato T, Kimura O, Iwata T, Ninomiya M, Kakazu E, et al. 1(OH) vitamin D3 supplementation
improves the sensitivity of the immune-response during Peg-IFN/RBV therapy in chronic hepatitis C
patients-case controlled trial. PloS one. 2013; 8(5):e63672. Epub 2013/05/30. https://doi.org/10.1371/
journal.pone.0063672 PMID: 23717463

Dill MT, Duong FH, Vogt JE, Bibert S, Bochud PY, Terracciano L, et al. Interferon-induced gene expres-
sion is a stronger predictor of treatment response than IL28B genotype in patients with hepatitis C.
Gastroenterology. 2011; 140(3):1021-31. Epub 2010/11/30. https://doi.org/10.1053/j.gastro.2010.11.
039 PMID: 21111740

Abe H, Hayes CN, Ochi H, Maekawa T, Tsuge M, Miki D, et al. IL28 variation affects expression of inter-
feron stimulated genes and peg-interferon and ribavirin therapy. Journal of hepatology. 2011; 54
(6):1094-101. Epub 2010/12/15. https://doi.org/10.1016/j.jhep.2010.09.019 PMID: 21145800

Romero Al, Lagging M, Westin J, Dhillon AP, Dustin LB, Pawlotsky JM, et al. Interferon (IFN)-gamma-
inducible protein-10: association with histological results, viral kinetics, and outcome during treatment
with pegylated IFN-alpha 2a and ribavirin for chronic hepatitis C virus infection. The Journal of infectious
diseases. 2006; 194(7):895-903. Epub 2006/09/09. https://doi.org/10.1086/507307 PMID: 16960776

Yang SS, Fu LS, Chang CS, Yeh HZ, Chen GH, Kao JH. Changes of soluble CD26 and CD30 levels
correlate with response to interferon plus ribavirin therapy in patients with chronic hepatitis C. Journal of
gastroenterology and hepatology. 2006; 21(12):1789-93. Epub 2006/11/01. https://doi.org/10.1111/j.
1440-1746.2006.04677.x PMID: 17074015

Soderholm J, Waldenstrom J, Askarieh G, Pilli M, Bochud PY, Negro F, et al. Impact of soluble CD26
on treatment outcome and hepatitis C virus-specific T cells in chronic hepatitis C virus genotype 1 infec-
tion. PloS one. 2013; 8(2):€56991. Epub 2013/02/26. https://doi.org/10.1371/journal.pone.0056991
PMID: 23437290

Charles ED, Dustin LB. Chemokine antagonism in chronic hepatitis C virus infection. The Journal of clin-
ical investigation. 2011; 121(1):25-7. Epub 2010/12/25. https://doi.org/10.1172/JCI45610 PMID:
21183783

Liu N, Nguyen L, Chun RF, Lagishetty V, Ren S, Wu S, et al. Altered endocrine and autocrine metabo-
lism of vitamin D in a mouse model of gastrointestinal inflammation. Endocrinology. 2008; 149
(10):4799-808. Epub 2008/06/07. https://doi.org/10.1210/en.2008-0060 PMID: 18535110

Joshi S, Pantalena LC, Liu XK, Gaffen SL, Liu H, Rohowsky-Kochan C, et al. 1,25-dihydroxyvitamin D
(8) ameliorates Th17 autoimmunity via transcriptional modulation of interleukin-17A. Molecular and cel-
lular biology. 2011; 31(17):3653-69. Epub 2011/07/13. https://doi.org/10.1128/MCB.05020-11 PMID:
21746882

Daniel C, Sartory NA, Zahn N, Radeke HH, Stein JM. Immune modulatory treatment of trinitrobenzene
sulfonic acid colitis with calcitriol is associated with a change of a T helper (Th) 1/Th17 to a Th2 and reg-
ulatory T cell profile. The Journal of pharmacology and experimental therapeutics. 2008; 324(1):23-33.
Epub 2007/10/04. https://doi.org/10.1124/jpet.107.127209 PMID: 17911375

Tu Z, Hamalainen-Laanaya HK, Nishitani C, Kuroki Y, Crispe IN, Orloff MS. HCV core and NS3 proteins
manipulate human blood-derived dendritic cell development and promote Th 17 differentiation. Interna-
tional immunology. 2012; 24(2):97-106. Epub 2011/12/23. https://doi.org/10.1093/intimm/dxr104
PMID: 22190574

Bengsch B, Seigel B, Flecken T, Wolanski J, Blum HE, Thimme R. Human Th17 cells express high lev-
els of enzymatically active dipeptidylpeptidase IV (CD26). Journal of immunology (Baltimore, Md:
1950). 2012; 188(11):5438—47. Epub 2012/04/28.

Tsai SL, Liaw YF, Chen MH, Huang CY, Kuo GC. Detection of type 2-like T-helper cells in hepatitis C
virus infection: implications for hepatitis C virus chronicity. Hepatology (Baltimore, Md). 1997; 25
(2):449-58. Epub 1997/02/01.

Woitas RP, Lechmann M, Jung G, Kaiser R, Sauerbruch T, Spengler U. CD30 induction and cytokine
profiles in hepatitis C virus core-specific peripheral blood T lymphocytes. Journal of immunology (Balti-
more, Md: 1950). 1997; 159(2):1012-8. Epub 1997/07/15.

Yusupov E, Li-Ng M, Pollack S, Yeh JK, Mikhail M, Aloia JF. Vitamin d and serum cytokines in a ran-
domized clinical trial. International journal of endocrinology. 2010; 2010. Epub 2010/09/28.

PLOS ONE | https://doi.org/10.1371/journal.pone.0174608  April 4, 2017 14/14


https://doi.org/10.1371/journal.pone.0063672
https://doi.org/10.1371/journal.pone.0063672
http://www.ncbi.nlm.nih.gov/pubmed/23717463
https://doi.org/10.1053/j.gastro.2010.11.039
https://doi.org/10.1053/j.gastro.2010.11.039
http://www.ncbi.nlm.nih.gov/pubmed/21111740
https://doi.org/10.1016/j.jhep.2010.09.019
http://www.ncbi.nlm.nih.gov/pubmed/21145800
https://doi.org/10.1086/507307
http://www.ncbi.nlm.nih.gov/pubmed/16960776
https://doi.org/10.1111/j.1440-1746.2006.04677.x
https://doi.org/10.1111/j.1440-1746.2006.04677.x
http://www.ncbi.nlm.nih.gov/pubmed/17074015
https://doi.org/10.1371/journal.pone.0056991
http://www.ncbi.nlm.nih.gov/pubmed/23437290
https://doi.org/10.1172/JCI45610
http://www.ncbi.nlm.nih.gov/pubmed/21183783
https://doi.org/10.1210/en.2008-0060
http://www.ncbi.nlm.nih.gov/pubmed/18535110
https://doi.org/10.1128/MCB.05020-11
http://www.ncbi.nlm.nih.gov/pubmed/21746882
https://doi.org/10.1124/jpet.107.127209
http://www.ncbi.nlm.nih.gov/pubmed/17911375
https://doi.org/10.1093/intimm/dxr104
http://www.ncbi.nlm.nih.gov/pubmed/22190574
https://doi.org/10.1371/journal.pone.0174608

